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TELEVISION LARGE-SCREEN PROJECTION 
By W. AMREIN. (From Schweizer Archiv, Vol. 9, No. 10, October, 1943, pp, 293-307.) 


At the outbreak of the present war, television technique = m=. sceaiaaiail 
had arrived at a stage which permitted its general : 
introduction, and special television transmitting stations 
were already in operation in London, New York, 
Paris and Berlin. A characteristic feature of these 
services was that they were mainly intended for home 
reception, public performance along the lines of cinema 
entertainment remaining in the background. 

In Germany shortly before the beginning of hos- 
tilities, it was decided to effect a complete standardisation 
of domestic television receivers, and in August, 1939, 
all German television receiver makers exhibited an 
identical German standard model (Fig. 1). The price 
of this technically excellent receiving set was 650 RM. 

The reasons underlying the partiality shown to 
home reception were, (1) the technique of home 
reception was far in advance of large-screen projection, 
and (2) it was hoped that mass production of television ¢ 
sets would quickly bring the television industry a similar 
state of prosperity to that enjoyed at the time by 
manufacturers of radio sets. All these expectations 
were cut short, or at least temporarily halted, by the war. 


rh oe ae 








Fig. 2. German Large-Screen Television Projector with 
cathode-ray tube, 1940 model. 

to-day with an incomparably better cinema projection 

technique, the problem of improving television picture 

technique assumes paramount importance. The factors 

determining the quality of large-screen television pro- 

jection may be classified as follows :— 

(1) Resolving power ; (2) Brightness ; (3) Contrast ; 
(4) Gradation ; (5) Continuity of image ; (6) Flicker ; 
(7) Size of screen ; (8) Geometrical distortion ; (9) Colour 
tone (Black-white only considered) ; and (10) Background 
noise. 

ene : oe Bs = A few of these points can be dealt with briefly. 
Fig. 1. German Standard Television Receiver, 1939 model, With regard to (5) “ continuity of image,” it is known 


LARGE-SCREEN PROJECTION. 


The only large-screen projection system which 
up to the present has met with a certain degree of 
success is that employing the cathode-ray tube. By 
using voltages up to 80,000 V. and cathode-ray currents 
of a few milliamperes, a very bright image of about 
14 x 18 cm. is produced which is projected by means 
of a large and powerful lens upon the screen. A com- 
pletely self-contained projector of this type is shown 
in Fig. 2. The light intensity supplied by this type 
of projector is not, however, sufficient for normal 
cinema use. As the light flux amounts to 50-100 
lumens, a brightness of 5-10 lux will result on a 

» Screen measuring 2.8 x 3.5 m., which is only one- 
fifteenth of that required. This deficiency can, how- 
ever, be made good by using a special screen composed 
of a large number of small concave mirrors or lenses, 
as shown in Fig. 3. These concave mirrors cause the 
entire light flux to be reflected into a sharply defined, 
but necessarily limited, space ; and within this space 
the screen appears with the same brightness as a normal 
cinema screen. But the restricted visibility range 

| Permits the seating of no more than 250 to 300 viewers. 

. Hence the introduction in Germany of special 

| “television rooms.” If projectors of this type had 
been available some 20-30 years ago, they would 
| undoubtedly have met with complete success, since 

) in those days the technique of cinematograph projection 

Was no more advanced than is to-day’s television oe : . 

B Projection. But as television projection must compete Fig. 3.. Lens-screenZof 10x 10 cm. area with 2,000 lenses. 
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Electron Multiplier. 
from cinema technique that at least 16 frames per 


Fig. 4. 


second are required. In large cinemas the “screen 
area”’ (7) ranges from 50-100 sq. m. ‘* Geometrical 
distortion” (8), experienced with early television 
apparatus, is to-day eliminated. The “colour tone” (9) 
of the projected image should correspond to that 
obtaining in cinema technique, but a yellowish or 
bluish tinge does not appear as disadvantageous. 

** Background noise ” (10) has caused considerable 
trouble for a long time, but this problem has now 
been solved by several means, such as the electron- 
multiplier of Slepian and Zworykin which uses a 
photo-emissive cell of vastly increased sensitivity. In 
spite of the smallness of the light flux available for 
- signal generation (10°? to 10¢ lumen), this device 
yields a large amplification with a satisfactory signal-to- 
noise ratio. An electron-multiplier of this type, built 
by the Institute of Technical Physics of the Swiss 
Federal Technical University, is shown in§Fig. 4, and 
its characteristics are given in Fig. 5. 
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Fig. 5. Amplification and back-ground noise of the electron 
multiplier (Fig. +) versus total voltage at the multiplier 
terminals, 
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RESOLVING POWER. 


In order to gain insight into the sharpness of image 
obtainable in television technique, it is necessary to 
appreciate the process of image transmission as a whole. 
This transmission process is composed of three sub- 
stantially different processes, namely :— 

(a) Scanning of the picture to be transmitted by 
means of an optical aperture, called the “ sending 
aperture,” and production of the signal by means of 
a photo-emissive cell. 

(6) Transmission of the signal to the receiver by 
means of an electric carrier wave. 

(c) Synthesis of the picture by means of a light- 
generation or light-control device and of the receiving 
aperture, the latter distributing the light variations over 
the image screen by a scanning device in synchronism 
with the scanning device of the transmitting station, 
The system as a whole is shown in the schematic 
diagram (Fig. 6). 


e Sending aperture Receiving aperture 
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Fig. 6. Diagrammatic representation of television transmission 


The fact that the method of line scanning employed 
for both dissection and synthesis of the picture involves 
the chronological element, has for a long time caused 
the problem of picture transmission to be regarded as 
being of single-dimensional nature with regard to time 
and place. However, as Mertz and Gray* have shown, 
certain phenomena occurring in the process of picture 
synthesis can be theoretically explained only by 
considering the picture transmission process to be single- 
dimensional with regard to time, and two-dimensiona! 
with regard to space. 

The method employed by Mertz and Gray is outlined 


























Light control device 





* P. Mertz and Gray: “A Theory of Scanning ae , (Bell 
System Techn. Journal, 1934, Vol. 13, p. 464). 
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Fig. 7. Equivalent scanning process. 
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in Fig. 7. Here the scanning point, instead of tracing 
; parallel paths across the same field, is assumed to move 
‘Mage § continuously across a series of identical fields. Such 
ary tO ff an equivalent scanning motion can be employed, since 
whole. § 4 double Fourier series represents not only a single 
© sub- ff feld, but a whole succession of identical image fields 

which cover the entire x, y plane and which are 
ted by periodically repeated in both x and y directions. 
ending The double Fourier series representing the image | ss ea | i | bea Pan A nl | Lexan y, Frequency f 
ans Of Ff feld of x = 2a and y = 2b (Fig. 7) is therefore given by 1 pre aa sex (re 

; r : mx , ny bs i ‘ ff 
ver by E (x,y) = om y= “ae C; ’ 6) Fig. 9. Frequency Spectrum of a_ Television Signal. 
. light- Sa ee : ee 0 and n=O yields zero frequency. Furthermore, 
ceiving = BG ee ee of the the fields having the indices m = 0, n = 1, 2, 3, etc., 
ns Over : neg " , generate whole multiples of the frame frequency. 
ronism 1 we on = 4A 2) In other fields, the resultant frequency is a linear 
station, Fain n - E(x, y)e a b/ dx. dy expression of fg and fz, the latter being the line- 
lematic or < si scanning frequency. Thus, a field characterised by 
ee components m and n has the combined frequency 

berture In the single-dimensional Fourier series the indi- u v : 

vidual components are expressed by infinitely extended f=m— +n— =mfz | nfs. The entire frequency 

sines and cosines; in the two-dimensional Fourier 2a 2b 





series, each term represents a real two-dimensional 
sinusoidal variation across the image field, and the 
image is thus built up by the superimposition of a 
series of such waves extending across the field in various 
directions and having various wavelengths, as indicated 
in Fig. 8. In the equivalent continuous scanning 
process outlined in Fig. 7, analysis of the scanning 
process is reduced to the determination of the light flux 
Fm,n of the respective illumination components passing 
through the scanning aperture. This flux is deter- 
mined as— 


of the spectrum of the signal derived in this way is 
shown in Fig. 9. 

Under certain conditions it may happen that 
different co-ordinated values of m and n yield an 
identical frequency. This will happen when two or 
more image components sloping across the field in 
different directions intercept the line of scanning with 
their crests spaced the same distance apart along the 
line of scanning. In this case the two image com- 
ponents are reproduced by a single confused signal 
current and no information with regard to the relative 


Fm, n (x, y, t)=Am, ne 





. ») \j T (é, ne” (=f, S) dtay 



















I device 

mission | Where T (€,7) is the transparency of the scanning amplitude and phase of the components is transmitted ; 
aperture as a function of the co-ordinates é and 7 an accurate synthesis of the picture cannot therefore 
ployed F within the aperture. The co-ordinates x and y are obtain, and a confused picture results, as shown in 

volves F functions of time, and as such are given by x = ut Fig. 10. 
caused and y = vt where u is the speed of the aperture in Another disturbing phenomenon is the occurrence 
ded a F the x-direction and v is that in the y — direction. of extraneous components. This has also been mathe- 
bo time The entire frequency spectrum obtaining in the matically analysed by Mertz and Gray. Extraneous 
shown, scanning process can be easily derived from Fig. 8. components can be largely suppressed by an appropriate 
picture = ~ In scanning the shape of aperture and by allowing an overlap of adjacent 
ly by Fe SS SS picture the aper- scanning lines. But these measures introduce coarseness 
single- 14 SS SY ture passes across of definition. This masking loss is greatest across the 
nsiona. & SS the image area fy, direction of scanning, the definition amounting to 
_ Q& YN N times in the 1,5-2 times the scanning pitch, according to the shape 
utline SN NY horizontal and fs of aperture employed. Along the direction of scanning 
. (Bell times in the vertical no such restriction exists and by appropriate choice of 
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aperture width, and width of frequency band, definition 
along the direction of scanning is usually made to equal 
the height of the scanning strip. Analysis by means of 
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two-dimensional Fourier series is equally applicable to 
the moving picture, but in this case the coefficients 
Am;n do not remain constant but are a function of 
time. An example of the type of distortions which 
may occur with a moving picture is given in Fig. 11, 
Fig. 11b referring to ordinary scanning and Fig. llc 
to interlaced scanning. 














a 6 
Fig. 11. Example of Image Distortion. 
BRIGHTNESS. 


The brightness of a cinema screen to-day amounts 
to as much as 200 lux, requiring light intensities of 
10,000-20,000 lumens for large screens of 50-100 sq. m. 





























Fig. 12. Diagrammatic view of AFIF Large-Screen Television 


Projector. 








area. As the cathode-ray tube supplies only 5(-100 
lumens, the Department for Industrial Research o! the 
Swiss Federal Technical University some time ago 
commenced the construction of a large-screen television 
projector, its design being based upon the suggestions 
made by the head of the Department, Prof. Dr. «F, 
Fischer. This projector incorporates the principle of 
light control, the control medium being the modulated 
beam of a cathode-ray tube and acting upon the 
light-flow from an arc light by means of a control 
organ. The latter consists of a layer of liquid 
incorporated in the optical system of a Toepler striae 
detecting device. In the state of rest, this fluid 
represents a perfectly flat optical plane. The electrical 
charges imparted to the liquid surface, by means of the 
cathode-ray, cause a single point deformation which, 
owing to its refractive action, yields a sufficiently large 
control of the beam of light. 

Referring to Fig. 12, the slowly revolving glass 
disc (2) is covered with the aforementioned layer (1) 
of liquid, the layer being continuously planed by 
means of the edge of bar (3). Above the liquid surface 
a cooling plate (4) is provided. The cathode-ray (9) 
is generated by the cathode surrounded by the Wehnelt 
cylinder or grid (5) (suitably controlled by the amplifier 
(28), and subsequently passes through the focussing 
coil (6) and the deflector coils (7) and (8) where it is 
deflected to produce the usual scanning motion, the 
scanning field proper being the “‘ window ” (10) and 
is represented by an area of 10 x 10 cm. on the 
surface of the liquid (1). The cathode and the grid (5) 
are energised from the network via the power-pack (29), 
and the deflector coils are connected to the time-base 
generators (30 and (31). The light beam is provided 
by an arc light, indicated by the carbons (11), and the 
concave reflecting mirror (12) and the plane directing 
mirror (13) are also shown. The latter reflects the 
beam of light towards the grating (15). Through the 
interstices (14) of this grating the beam of light passes 
on to lens (16), which with great accuracy projects an 
image from the interstices upon bars (17) forming 
another grating. 

Provided the surface of the liquid is undistorted, 
all light is intercepted by the upper grating and is thus 
prevented from reaching the screen (25). This con- 
dition is illustrated by the pencil of rays shown in 
dotted lines (Fig. 12), (and also in Fig. 13a), where 
(18) represents the point at which the beam (19) passes 
through the undistorted surface of the liquid film. 
At points where the liquid surface is deformed by the 
electrostatic action of the cathode-ray tube, such as 
point (20) indicated in Fig. 12, the light beam suffers 
deflection to a degree corresponding to the amount of 
surface distortion, so that a beam of light.is projected 
into the interstices of grating (17), from whence it 
passes on to the projector lens (22), reflecting screen (23), 
and finally to a point (24) on the screen (25). (See 
also Fig. 13b and c.) 

In order to intensify the surface deforming action 
of the appropriately modulated pencil of cathode-rays 
(9), this electrostatic effect is increased by the provision 
of an electron-emitting source (26) which projects 4 
diffuse pencil of electrons upon the ‘ window ” space 
(10) covering * uniformly. 





b 
Principle of Light Control. 


Fig. 13. 
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Surface deformation of light-controlling liquid 


surface. 

To effect removal of the electrostatic charges in order 
to give way to the subsequent charge (corresponding to 
the subsequent image to be projected), a liquid with 
a certain degree of electric conductivity is used. The 
gradual removal of the electrostatic charge is accom- 
panied by a corresponding gradual disappearance of 
the deformation. Vice versa, a certain length of time 
is required to produce the deformation, the restitution 
to the viscous behaviour of the liquid. This being due 
of a plane surface after removal of the charge is taken 
care of by the inherent surface tension of the liquid. 
The ecourse of this process of deformation, which is 
repeated 50 times per second, is graphically shown in 
Fig. 14, where the curve drawn in solid line represents 
the resultant of the individual successive deformations. 
The curve shown in broken line corresponds to a single 
deformation. Since strict proportionality exists between 
deformation and brightness, the solid line curve also 
indicates the course of brightening-up of the individual 
element of the image. It is easily seen that because of 
successive brightening and darkening, a mean rate 
of brightness obtains which is below the maximum 


Fig. 14. 
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value of brightness. In the case illustrated in Fig. 14, 
this loss in brightness amounts to some 30 per cent. 
Although the deformation itself is only of the order 
of .001 mm., an effective light control and light efficiency 
are achieved. Light efficiency could be further im- 
proved if it were possible to bright about a saw-tooth 
deformation of the liquid surface, instead of the wave- 
like formation which approximates to sinusoidal contour. 
The total light efficiency of the projector may be assumed 
as 40 per cent, not counting additional losses by reflection 
on the optical surfaces of the lens system and the 
50 per cent loss due to the grating. Even so, the light 
efficiency of the AFIF large-screen television projector 
shown in Fig. 15 is fairly comparable to that of a 
modern cinema projector. To obtain the screen 
brightness of a cinema projector, the television projector 
would have to be equipped with a more intense source 
of light, or a stronger optical system would have to be 
used. This new television projector also offers the 
possibility of using a larger screen than heretofore 
employed in cinema projection, as its large image 
window of 10 x 10 cm. allows the passing of a con- 
siderably greater volume of light. 


FLICKER. 


Flicker is one of the distressing chapters of cinema 
technique and it is well known that in order to obtain 
a continuous image, at least 16 frames per second are 
required. On the other hand, to avoid flicker with the 
brilliancy of image employed to-day, at least 50 changes 
in brightness per second are necessary. In modern 
sound-film projection, 24 frames are projected per 
second, which, by the employment of the flicker shutter, 
yield the required 48 changes in brightness. 

At the present time the general employment of the 
cathode-ray tube does not admit of such a procedure 
because of the short time of illumination afforded to 
the individual spots on the screen of the tube. This 
makes it necessary to adopt a standard of 50 projected 
images per second. But this would have approximately 
doubled the width of the band of frequencies required 
for transmission if interlacing had not been decided 
upon. In this method the image to be projected is 
scanned in two movements, the first scan covering the 
odd lines—that is, half the number of lines in the 
picture—and the second scan completing the picture 
by dealing with the even lines. It was hoped in this 
way to be possible to halve the width of the frequency 
band, at the same time achieving the quality of a fully 
scanned image. 

Interlaced scanning, however, exhibit a number of 
disadvantageous features. Most serious of these is the 
so-called ‘ interline flicker,’ which almost depreciates 
image quality obtained to that with halved definition— 
that is, with one-half the number of scanning lines 
across the picture. Prominent experts believe, there- 
fore, that interlaced scanning must soon be abandoned, 
even at the expense of doubling the frequency band. 
The implications of such a measure will best be gauged 
if it is considered that with a definition of 650 and a 
frequency of 50 frames per second, a frequency band 
of about 10 megohertz would be needed. Should any 
means become available to narrow down this band 
width, its utilisation would be quite certain, as a 
diminution in frequency band width is synonymous 
with lowering the cost of television equipment. But 
no satisfactory means of this nature has yet been found 
so far as equipment incorporating the cathode-ray tube 
is concerned. 

In contrast to this, the optical storage characteristics 
of the AFIF large-screen projector afford the employ- 
ment of a flicker-eliminating measure analogous to that 
applied in film projecting technique—that is to say, 
by equipping the projector with a flicker shutter 
rotating at synchronous speed. With this the intended 
halving of the band width is achieved. The method 
itself is exemplified by Fig. 16 where the curve in bold 
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Fig. 16. Brightness variations with the use of a flicker shutter. 


line indicates the variation in brightness of a single image 
point obtaining with the use of a flicker shutter, while 
the corresponding variation without the shutter is given 
by the thinly drawn curve. As before, the curve in 
broken line corresponds to the brightness variation of 
a single image projection. The aperture-variation 
characteristic of a flicker shutter rotating in synchronism 
is charted in Fig. 17. By multiplying the effective 
aperture values of this characteristic curve with the 
respective brightness values, the brightness variations 
shown in bold line in Fig. 16 were obtained. It need 
hardly be added that the loss in illumination incurred 
by the use of a flicker shutter is quite acceptable in 
view of the advantages obtained. As mentioned before, 
there exists the possibility of compensating for the loss 
by using a stronger light source or a more powerful 
optical system. An AFIF projector with shutter 
incorporated is outlined in Fig. 18. 
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Fig. 17. Effective aperture characteristics of the flicker shutter. 
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Fig. 18. Diagrammatic view of AFIF Large-Screen Television 


Projector with flicker shutter. 


NEW DEVICE MEASURES THE TEMPERATURE OF MACHINE 
COMPONENTS REVOLVING AT HIGH SPEED. 


By E. GNAM. 
IN measuring the temperature of revolving parts such 
as turbine buckets and discs by the electrical method, 
considerable difficulties are experienced in transmitting 
the measuring current or voltage from the rotating 
part to the stationary indicating instrument. In cases 
of this kind the thermocouple voltage may be trans- 
mitted either by means of sliding contacts (slip-rings), 
or by immersion contacts, or also by means of the 
inductive coupling method. The use of sliding contacts 
has been resorted to on several occasions, but to the 
knowledge of the author, the induction method has 
not hitherto been used. 

While the potentiometer method can be employed 
in conjunction with these methods of transmitting 
the measuring current, its employment appears pre- 
ferable when used in conjunction with the inductive 
method. As shown in Fig. 1, compensation of the 
thermocouple current to zero can also be simply 
effected by heating the cold junction of the couple, 
this junction being arranged in the bore of the hollow 
shaft of the measuring device. Heating is accomplished 
by means of a small stationary thermostatic device 
which, for purpose of measurement, is adjusted to 
raise the temperature of the cold junction to that of 
the hot junction, the achievement of equal temperatures 
being indicated by the return of the galvanometer 


(From MTZ Motortechnische Zeitschrift, Vol. 5, No. 10, October, 1943, pp. 289-291.) 


pointer to zero. The temperature of the thermostatic 
device—equalling that of the hot junction—can then 
be easily measured by such means as an ordinary 
mercury thermometer or by means of another 
thermocouple. 

Where slip-rings are used for transmission of the 
thermocouple current, the potentiometer method of 
balancing the electromotive forces of the two thermo- 
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couple junctions has the advantage that any variation 
in the quality of contact between slip-rings and brushes 
by oxidation or vibration, remains without influence 
upon the accuracy of measurement. Nor is it necessary 
to specially calibrate the hot junction installed in the 
revolving part. The potentiometer method, however, 
possesses the disadvantage that a certain length of time 
is required to raise the temperature of the cold junction 
to that of the hot junction. But by careful thermal 
insulation and by keeping the thermal capacity of the 
thermostat to a minimum, the time of adjustment can 
be reduced to a few minutes. 

Tests conducted on a slip-ring device have shown 
that reliable transmission of the thermoelectric potential 
of thermocouple can be achieved provided the peripheral 
speed is not unduly high. 

The slip-ring as a potential source of error is 
completely eliminated in the inductive method which 
therefore proves especially suited to measurements at 
high peripheral speeds. A set-up of the induction 
type employed for measuring the bucket temperature 
of an exhaust gas turbine is illustrated in Fig. 2. It 
will be noted that in this installation the hollow shaft 
of the measuring device is coupled with the turbine 
shaft by means of a hollow coupling shaft of considerable 
length (about 300 mm.). This was done in order to 
minimise undesirable heating effects originating from 
the turbine. 

The thermoelectric current passing between hot 
and cold junction is led through a»primary induction 
coil in the shape of a 2-pole H-armature which rotates 
inside two stationary secondary induction coils. The 
alternating current generated by induction in the 
secondary coils is passed to an amplifier to which an 
oscillograph is connected. In the case of machines 
revolving at constant speed, the temperature can be 
determined by direct measurement of the induced 
current ; but where fluctuating speeds are encountered, 
as for instance in the case of gas turbines or of high-speed 
gears, the potentiometer method is preferred so as to 
exclude the influence of rotational speed upon the 
accuracy of measurement. 

Terrestrial magnetism and a certain amount of 
permanent magnetism possessed by the ball bearings 
carrying the shaft, were found to affect accuracy of 
Measurement. These adverse influences were eliminated 
by having recourse to a double-wound armature, the 
two windings being connected so as to cancel out 
the electromotive force induced by terrestrial magnetism. 
As a further precaution, the induction coils as well as 
the shaft bearings were housed in a casing of Mu-metal 
of high initial permeability and especially suited for 
shielding purposes. 

_The temperature-measuring device was developed 
chiefly for the purpose of measuring the bucket 
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temperatures of an exhaust gas turbine operating at 
speeds of 5,000 to 24,000 r.p.m. Where temperatures 
are to be measured at several points of the turbine 
rotor, the respective thermocouples can be connected 
at will with the measuring device by means of a special 
switch provided in the interior of the hollow shaft. 
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This switch is externally operated by means of a 
slidable sleeve illustrated in Fig. 3, the sleeve being 
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moved into any one of the three positions provided, 
by means of a stationary lever. 

The device has also proved its usefulness in 
measuring the temperature of the internally-cooled 
buckets of an exhaust gas turbine. One thermocouple 
was installed midways along the leading edge of a 
bucket, another at the bucket root and a third in the 
rotor. The respective temperatures measured with 
different turbine speeds are charted in Fig. 4. The 


decrease in bucket temperature with increasing turbine 
speed is due to (a) the decrease in the heating effect 
caused by friction between gas stream and bounda 
layer, this effect decreasing as the relative speed 
between gas and bucket diminishes with increasing 
turbine speed, and (6) the increased amount of cooling 
air drawn through the hollow bucket at higher 
rotational speed. 


FRETTING CORROSION, A CHEMICAL-MECHANICAL PHENOMENON, 


By Kurt DIEs. 


FRETTING corrosion defines a series of wear pheno- 
mena occuring between two surfaces, of which one at 
least must be metallic, in the presence of oxygen ; 
usually, only slight sliding motion takes place between 
the two surfaces. With the object of producing fretting 
oxides for chemical analyses and to examine their 
resistance to friction, a simple apparatus has been 
constructed as shown in Fig. 1. Test specimens were 
prepared of various types of steel, tin, zinc, copper, light 
alloys and a plastic material “‘T3.” For the counter- 
part, hardened chromium steel, nitrided steel, aluminium 
and cemented carbide steel were used. The amount of 
wear occurring was estimated by weight measurements 
before and after the test. To promote removal of the 
fretting oxides from between the surfaces, slots were 
milled in the specimen. ‘Throughout the tests, wear 
debris was collected in a container which was protected 
against contamination by oil and dirt. 
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Fig. 1 


THE PROCESS OF WEAR. 


Fretting oxides were formed after a very short period 
of testing in each case. Only with a soft specimen 
could “ smearing ”’ be observed on the hard counter- 
part, after the first few to and fro motions. This 
smearing action ceased, however, very quickly, and was 
followed by oxidation of such intensity that a “‘ stream ” 
of fretting oxides could be observed even with the naked 
eye. From microscopic examinations the mean particle 
size was estimated to be about I1/. 


CHEMICAL COMPOSITION OF THE WEAR 
DEBRIS. 


A considerable quantity of oxygen was found to be 
contained in the wear debris, which is in agreement 
with the data found in literature. It was also found 
that during friction of steel against steel, « —F,O, is 
mainly formed. The wear debris resulting from 
friction between steel and aluminium contains varying 
quantities of corundum (A/,O,); a large part of the 
aluminium oxide is, however, soluble in acid, and differs 
in this respect from ordinary corundum obtained by 
burning clay. Varying amounts of nitrogen were also 
found in the debris, mainly as nitrides of iron, chromium 
or aluminium. 


WEAR WITH DRY, SLIDING FRICTION. 

The experiments do not support the general belief 
that the rate of wear increases with the hardness of the 
test specimen. With mild steel or nitrided steel rubbing 


(From Zeitschrift des V.D.I., Vol. 87, No. 29/30, July, 1943, pp. 475-476.) 


against chromium steel the same rate of wear was 
observed. A comparatively soft austenitic chromium 
nickel steel or aluminium, on the other hand, attacked 
hardened steel to a considerably greater extent than 
nitrided steel. The condition of wear is therefore not 
only dependent upon the hardness of the material, but 
also upon the nature of the fretting oxides produced, 
Furthermore, the oxides formed can act as a protection 
against further wear if they stick to the surfaces, but 
they promote wear if they are loose. With mild steel 
or nitrided steel rubbing against chromium « —Fe,0, 
is mainly formed and the grinding effect on the hardened 
chromium steel is of about the same order. The wear 
products obtained with stainless steel rubbing against 
chromium steel show a very strong abrasive property, 
and it can be assumed, therefore, that the chromium 
nitrides, which are present in very small quantities, and 
perhaps also the hard chromium-nickel particles, were 
responsible for the high rate of wear. A comparatively 
high rate of wear takes place also between tin and 
chromium steel. This can be explained by the presence 
of a hard crystalline tin oxide (SnO,). 

The case is similar with aluminium. The assumption, 
thai by rubbing aluminium against various materials, not 
only amorphous clay but also crystalline corundum is 
formed, was proved to be true by analytic, microscopic 
and X-ray examination. The hardness of the corundum 
particles is the main reason for the high rate of wear 
of the counter-part. 

If the aluminium alloy contains magnesium, the 
abrasive effect was found to decrease ; in fact, of all the 
materials examined, magnesium alloy containing about 
90 per cent. Mg showed the lowest rate of wear. It 
appears, therefore, that the hard crystalline magnesium 
oxide (Periklas) MgO, is not formed or is formed only 
in very small quantity. The bulk of the oxides consists 
of amorphous magnesium oxide or soft magnesium 
hydrate, Mg(OH),. The high hydrogen content of the 
debris rather indicates the latter. The highest rate of 
wear of the counter-part was found to occur with the 
plastic T3. 


THE INFLUENCE OF LUBRICATION. 


In the presence of a lubricant between the two 
surfaces, fretting corrosion can only occur with boundary 
lubrication, provided that oxygen has access to the 
surfaces. In the absence of oxygen, wear can only take 
place due to metal to metal contact. With paraffin oil 
or bearing oil, no appreciable amount of wear took place 
with aluminium or plastic material rubbing against 
chromium steel. Paraffin oil was selected for the tests 
because its molecular group contains no oxygen 
compounds. 


FRETTING CORROSION A CAUSE 
OF FATIGUE FAILURE. 


Besides the destruction of the surfaces, fretting 
corrosion can also cause fatigue failures. Recent 
investigations lead to the conclusion that no definite 
fatigue strength figure can be quoted for clamped parts, 
because of the change in cross-section caused by the 
high rate of wear due to fretting corrosion. 
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By G. SEULEN and H. Voss. 
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MEDIUM FREQUENCY INDUCTION 
(From Stahl & Eisen, Vol. 63, No. 51, December 23rd, 1943, pp. 929-935 ; and 





HARDENING. 


No. 52, December 30th, 1943, pp. 962-965). 


SURFACE hardening by the induction method is now 
finding extensive application in Germany. Where 
hardening depths of 1-30 mm. are required, it is usual 
to employ medium frequencies of 600-10,000 cycles per 
second. But where the hardening depth must not 
exceed 1 mm., or where thin-walled pieces or pieces of 
specially complicated shape are to be dealt with, ultra- 
high frequencies of 50,000-2,000,000 cycles per second 
are employed. 

The decrease in the density of the induced current 
with the depth below the surface of the piece is given by 


: } Laney ee se ee 
the exponential relationship 7x=1o . e p where 
ix is the current density in the surface layer, f is the 
frequency of the induced current, / is the magnetic 
permeability of the material, and p is the electrical 
resistance. With a 
temperature varia- 
tion at a depth de- 
termined by the 
square of the local 
current intensity, 
the temperature 
falls sharply with 
increasing depth 
below the surface. 
The _ theoreti- 
cal temperature 
distribution below 
the surface of a 
piece is shown in 
Fig. 1. Here, 
curve (1) is based 
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Fig. 1. Diagramma- 
tic representation of 
temperature  distri- 
bution through cross 
section. 
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Fig. 2. Closed heating coil. 


Fig. 4. Closed heating coil with 
piece rotating. 
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Fig. 3. Open heating coil. 





on the assumption of constant magnetic perme- 
ability and electrical resistance throughout the depth 
considered. Actually, the temperature distribution will 
approximate curve (2) which takes into account both the 
variation in magnetic permeability and resistance with 
the temperature, and also the loss of heat from the 
surface of the piece. A perfectly horizontal trend of 
the temperature curve in the layer to be hardened, as 
would be desirable, cannot, however, be achieved. But 
actual experience has shown that the temperature varia- 
tion can be held within acceptable limits. 

Part x-y of curve (2), lying above the change point 
Ac, determines the depth of the case hardening. This 
can be adjusted by choosing appropriate current fre- 
quency and intensity 7... Another method available for 
controlling the depth consists in varying the air gap 
between surfaces and induction coil, the depth of 
current penetration increasing with a widening of the 
gap. 
Induction hardening can be carried out either by 
simultaneously heating the entire surface to be hardened 
and quenching it as a whole, or by heating and quench- 
ing individual portions of the piece by feeding it through 
the stationary induction device ; or the movable induc- 
tion coil may be passed over the stationary piece. As 
the shape of the induction coil must be chosen in ac- 
cordance with the contour of the piece to be treated, 
the closed coil enveloping the piece, can only be used in 
cases as shown in Fig. 2; while for plane surface 
hardening, an open coil must be used as illustrated in 
Fig. 3. An actual device used for the hardening of 
crankpins is illustrated in Fig. 7. Quenching is carried 
out with the device in place, the quenching medium 
being applied to the heated surface by way of holes in 
the heating device, as can be seen in Fig. 7. 

In certain cases, the combination of a stationary 
closed heating coil with rotation of the piece is preferred, 
as shown in Fig. 4. For progressive feed hardening 


Fig. 5. Closed 
heating coil 
with piece 
being fed 
through coil. 












Fig. 6. Open 
heating coil 
with piece 
being fed 
through coil. 
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Fig. 7. Induction hardening device for hardening crank- 


pins by the stationary method. 


combined with rotation of the piece, both the closed 
and the open type of induction coil are in use (Figs. 5 
and 6), but the closed type is generally preferred. 

In order to ascertain the temperature distribution 
prevailing during the induction heating process and its 
influence upon hardness penetration, two series of tests 
were carried out with the stationary and the progressive 
heating and hardening methods. Since direct measure- 
ment of metal temperatures at various depths below the 
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surface was not considered reliable, because of the 
rapidity of the heating process, temperature determina- 
tion from microstructural change was preferred. This 
method is based on the observation of the changes 
occurring in the martensitic structure throughout the 
depth of the case. Local temperatures below the Ac, 
change point were determined by grinding off the 
requisite thickness of case, measuring the Vickers hard- 
ness, and evaluating this measurement on the basis of a 
carefully established Vickers hardness scale. Tem- 
peratures above the Ac; critical point were determined 
by local grain-size measurement and by establishing 
the temperature from a grain-size-temperature chart. 
The latter was also based on a series of tests especially 
made for this purpose. 

A first test with a stationary induction coil was made 
on a cylindrical piece 70 mm. dia., its analysis showing 
0.33 per cent C, 2.5 per cent Cr, 0.25 per cent Mo, 
1.7 per cent Ni, and 0.12 per cent V. The inner dia- 
meter of the induction coil was 73 mm. and its width 
29 mm., with an air gap of 1.5 mm. between coil and 
piece. A frequency of 2,000 cycles per second was 
used. The results of four test runs conducted with 
inputs of 40, 60, 100, and 180 kW are charted in Figs, 
8a-8d. These graphs show that with any one heat 
input rate, the temperature gradients are exponential 





curves. While in the range of lower final temperatures, 
the actual curves resemble the theoretical curve (1) in 
Fig. 1, and curves of the higher temperature range, 
corresponding to longer heating times, are similar to 
curve (2) of Fig. 1 

Comparing the trends displayed by the curves 
obtained with different heat inputs, it is seen that the 
steepness of the upper curves increases with rising heat 
input, that is, the temperature gradient increases in 
steepness in the surface layers. This is due to the 
combined action of a rising skin effect with increasing 
current density and the shorter heating time, the latter 





reducing the amount of heat diffusing into the interior 
of the piece. 

In Figs. 8a-8d, the progressively increasing danger 
o ascertained from grain size 
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Influence of rate of heat input and heating time upon temperature distribution in cross section of the piece (Stationary Method} 
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Fig. 9. Influence of rate of heat input and heating time a the — holding true for an increase im heating 
upon depth of case in the induction hardening of a trunnion time with constant heat input. As Fig. 9 also indicates, 
by the stationary method. under the given conditions a small depth of case harden- 


ing can be obtained only by a combination of high heat 
input and short heating time. 

When determining optimum process conditions for 
the achievement of a specified depth of case hardening, 
the trend of the temperature curves must also be con- 
sidered, so as to obviate any danger of overheating. 
The inter-relationships between input, time, and sur- 
face temperatures are charted in Fig. 10. Here again 
the temperatures were ascertained by means of the 


of overheating incurred with temperatures exceeding 
900 deg. C. is symbolised by shading the temperature 
ranges from 900-1150 deg. C. in different degrees of 
density. Referring to Figs. 8a-8d, it is seen that the 
danger of overheating the surface layers increases with 
the heating load, but that such overheating can be 
avoided by an appropriate choice of heat input and 
heating time. In order to meet the various require- 
ments of case depth and hardness, experimental de- ; 
termination of required heat inputs and heating time is, Feed rate in mm. Centre of piece 
therefore, indicated. Better still, these data should be 8 
supplemented by a systematic exploration of the heat 
input—heating time characteristics as a whole. 

A typical example may serve to illustrate this point. 
The piece to be surface hardened may be assumed to be 
a trunnion of 70 mm, dia. to be hardened over a width 
of 29 mm., the material being VMS 135 steel (accord- 
ing to the German standard DIN E 1665) with 0.35 
per cent carbon, 1.2 per cent silicon, and 1.2 per cent 
manganese. The influence of power input and heating 
time upon the depth of case hardening (determined 
from the microstructure) as ascertained by actual test is 
shown in Fig. 9. It is seen that with unchanged heat- 0 60 80 100 120 WO 0 160 
ing time, an increase in heat input produces a deeper 
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Fig. 12. Influence of rate of heat input and feed rate upon 
depth of case produced in induction hardening by the pro- 
gressive feed method combined with rotation of the piece. 
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the stationary method. progressive feed method combined with rotation of the piece. 
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aforementioned methods. The chart shows that with 
small heat inputs comparatively slow increases in surface 
temperature are registered. The fact that once a 
certain temperature has been reached the temperature 
curve assumes an almost horizontal trend, indicates that 
the heat input equals the heat loss by conduction, 
radiation, and convection. With higher inputs, cor- 
responding surface temperatures are reached more 
rapidly as already pointed out in connection with Figs. 
8a-8d. It will also be noted that with increasing heat 
input the upper branch of the temperature curve be- 
comes increasingly steep, thus losing the horizontal 
trend displayed with lower rates of heat input. In 
this chart the danger zones are also signified by shading, 
the density increasing with the temperature. 

In any kind of hardening process close adherence 
to the specified hardening temperature is required if 


grain growth and its deleterious consequences are to be: 


avoided. To a certain extent this consideration also 
applies to induction hardening, although it has been 
found that the rapidity of this process tends to diminish 
the danger of grain growth. Temperatures in excess of 
the specified hardening temperature can, therefore, be 
tabulated within certain limits. Nevertheless, con- 
sideration must be given to the temperature conditions 
set up in the hardening zone if serious mistakes are to 
be avoided. 

The influence of heat input and time upon the 
width of the hardened zone obtaining with the stationary 
heating process is evidenced by Fig. 11 which refers to 
a heating coil of 73 mm. internal diameter and 29 mm. 
width encircling a test piece of 70 mm. dia. made of 
steel VMS 135. As will be seen from Fig. 11, with 
small inputs the full hardening width can be obtained 
only with long heating times, the depth of case increasing 
correspondingly. This is due to the fact that with 
small amperages the induced current tends to concen- 
trate in the central plane of the heating device. In 
order to achieve a shallow case equal in width to that of 
the heating coil, high heating intensities combined with 
short heating times must be employed, the high amper- 
age leading to a more uniform distribution of the 
induced currents over the entire width of coil. -This 
method of determining the heat input and heating time 
required for hardening processes carried out by means 
of the stationary heating method, applies equally well to 
other methods of induction hardening such as progres- 
sive hardening combined with rotation of the piece. 
The test results of a cylindrical test piece 36 mm. dia. 
also made of VMS 135 steel and subjected to progressive 
hardening combined with rotation of the piece, are 
charted in Fig. 12, which shows the influence of input 
and feed rate upon the depth of the case produced. It 
is evidenced by this graph that in analogy with the 
stationary method, increasing input and longer heating 
times lead to an increase in the depth of case. The 
surface temperatures obtaining with different inputs and 
feed rates are shown in Fig. 13. Here again it is seen 
that small rates of feed must not be combined with high 
inputs if the danger of overheating is to be avoided. 
With higher rates of feed, excessive temperatures do 
not occur even with high input rates. 

The Rockwell hardness obtainable with the induc- 
tion hardening process for a number of steels is given 
in Table I. Actually these values were obtained after 
tempering at 180 deg. C. and grinding off a surface 
layer 0.3 mm. thick. It is a typical feature of induction 
hardening that the surface hardness measured prior to 
grinding is about equal to or but little lower than that 
ascertained after grinding. The range of variation in 
hardness shown in Table I, have their origin in varia- 
tions in actual composition of the various steels and 
in the particularities of the various heats investigated. 
Furthermore, the degree of hardness which can be 
obtained is also dependent upon the original structure 
of the material. The finer the grain structure prior 


Rockwell Hardness 
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TABLE I. 


: 
S 
* 
§ 


§ 





to hardening, the more easy it is to reach the upper 
limit of the hardness range. The width of the transition 
zone between case and core will, above all, depend upon 
the temperature distribution, the latter being governed 
by the coordinated values of heat input and heating 
time chosen. 


NEW EQUIPMENT FOR CENTRALIZFD 
CONTROL IN NETWORKS. 


By E. Haucess (E.G.W.). (From The Erown Boveri 
Review, Vol. XXXI., No. 4, April, 1944, pp. 151-152). 


A NEW control equipment developed by Brown Boveri 
is intended to meet the requirements of collective 
control of diverse switching functions involved in elec- 
tric supply systems. It enables to dispense with special 
pilot wires and innumerable, inconveniently adjustable 
time-switches distributed throughout the system. The 
requisite H.F. currents generated in a simple, compact 
transmitter, are superimposed on the lighting and power 
currents in the network and propagated to the H.F. 
receivers installed at the desired points of control. 
The necessary transmitter power is very low. In- 
jection units are employed to apply H.F. energy to the 
existing network. 

The receivers to be remote-controlled can be in- 
stalled at any point in the system. The H.F. part of 
the receiver, together with the relay mechanism for 
carrying out received orders, is contained in a case of 
the size of a conventional meter. One single receiver 
can be built for several different purposes. The number 
of orders can be increased, by employing various trans- 
mitting frequencies in the same network. 

The control equipment can also be employed for 
police and fire-brigade alarm purposes, 

On the score of economy such equipment is ad- 
vantageous and can be applied to even the smallest 
networks. The cost of centralized control equipment 
is relatively low and usually repaid by the operating 
advantages. 
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COMPUTATION OF ROLL PRESSURE IN COLD STRAIGHTENING 
OF TUBES AND RODS. 
By E. BERNHULT. (From Jernkontorets Annaler, Vol. 128, No. 4, April, 1944, pp. 137-160). 


IN straightening between 
cross rolls, the material 
assumes a position as” in- 
dicated in Fig. 1. The 
roll pressure 2P exerted 
by the convex roll is 
counteracted by the two 
reactions P of the concave 
roll, the distance between 
the points of reaction 
being 2/. In order to I 
produce the straightening 
effect by plastic deforma- Fig. 1. Disposition of the tube between 
tion, the elastic limit of the straightening rolls. 
the material must be exceeded in the critical section, 
that is in the two points where the concave roll exerts 
its reaction thrusts P. The power consumption of the 
straightening process can be computed by considering 
the following items : 

(1) Power requirements of the straightening process 

roper. 

(2) The rolling friction between material and roll. 

(3) The sliding friction between material and guide. 

(4) Bearing friction. 

(5) Idling losses. 


POWER REQUIREMENTS OF THE 
STRAIGHTENING PROCESS PROPER. 


When the material to be straightened is subjected to 
rotation around its own axis and _ subjected to 
bending effect, its fibre stress will continually alternate 
between compression and tension. The establishment 
of a mathematical expression, for the work of deforma- 
tion involved in the process, must rest upon a certain 
number of assumptions. According to Fig. 2, it is 
assumed that fully elastic behaviour prevails between the 
limits x=0 and x=Xo, the latter signifying the point at 

















Considering an element situated in the thin section dx 
at the distance x from one support (Fig. 2), then dV= 
p.dp dx dp (Fig. 4). As this element is displaced by an 
angle ¢ relative to the neutral axis, it is subjected to the 








which the extreme fibre stress equals os. Over the stress : ; 
distance between the points x=xo, and x=/, plastic 2psing x — 
behaviour is assumed to exist, and the apparent extreme Ca 3 ae 
fibre stress is assumed to increase from os to o’r accord- . ’ dy ! . 
ing to a straight line law. The deformation which element dV will suffer is 
The deformation is likewise assumed to increase in 2p sin y 
straight proportion, as shown in Fig. 3. The work of 4 €pp = ———€ dx= 
permanent deformation is taken as positive and identical dy 
for compression and tension, while the modulus of 2 ysin » s— Key * 1 -) 
elasticity E is assumed to remain constant. Referring —_— é.+———._ « Cee an —tg dx 
to Figs. 2 and 3, the apparent fibre stress at the distance dy Pe age xoe' -) . 
“ ’ : 
xis found as c= — 0’; and the maximum deformation This can also be written thus : 
l 2p sin v { *—Xos[- Iya? 
as A epp= Os+ o'r<s 2—-(| — —Os dx 
x—xo, wer{ 7 dyE | I=xosL 2\d J 
eo =65, "1 axe 2 = | — “E65. | With the opposing stress opp and the deformation 
— X68 ; 


’ 4epp, the internal work of plastic deformation of the 


2 
&a4-4 
Sr 2 dy € 
a ; ° ‘ 
do (4Vh| 4 EG, 


x XX, | Xo, 
x a x 
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Fig. 2. Stress distribution in the straightening process, Fig. 3. Stress diagram. 
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Fig. 4. Diagram for the establishment of power consump- 
tion in the straightening process proper. 


element dV is given by 
dA = Gpy 4 €pp p dp dy, or 
40’: 


X—" X65 1 dj 3 
= Os + =i e+ 2 (=) _ 
d?y El l1—xos 2 \dy 
—«, | } x dx p* dp sin? y dp 


l 
or by making 0’; = ro; and xg, = —, 
" 





dA 





4ro;* 
A= | rl—I1+ (rx —D)) 
dy? EP? (r—1) ; 
7 dy 7 
2 2 
LJacK* 
[ * 2—-(=) “it xa | oh dp | sint a 
2\dy J 
di 0 
2 


and by integrating between limits : 


os I] r?—1 dy \?) 
Pes s—r (=) 
15 dy? E r dy f 


or by introducing P: 
P2 B 


r3 — ] dj s 
P s—r(=) 
85IE Pr dy 








A ws 


This is the strain energy which within a quadrant cor- 
responds to one-fourth of the torque exerted over half 
the length of the rod or tube being straightened. 
(During rotation new elements successively enter the 
quadrant, and in these the stresses and deformations 
vary in the identical manner). For one entire rotation, 
the total strain energy is 2x 2x 4x 4=64 times as large. 
The torque which corresponds to this energy is 


P23 r—t1 d,\? 
My **0.4——. a—r(=) kgem, .. (1) 
awIE r3 y 





D 


By introducing mm = | —} .”, where mm is the 


y 
number of revolutions of the material per minute, and 
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n is that of the rolls, the power consumption Nh. = 
Nm 





My — is expressed by 
71620 


04P7P Dn re —1 aX" 
Ny= e a—(—) h.p (2) 
71620 7 I Edy io dy 


When establishing this equation for Ny, it was 
assumed that only continuous stresses within the plastic 
range occur. But elastic stresses must also be present. 
The latter, however, because of the great speed at which 
stress variations occur, presumably do not permit the 
development of the elastic recovery as it takes place, for 
instance, upon load removal in the conventional tension 
test. The elastic recovery as far as it exists at all, would 
in any event be compensated for by the strain energy 
which is effected by that part of the piece in which 
the stresses lie between the elastic limit and the yield 
point; to this must also be added the work of elastic 
hysteresis performed in the completely elastic part. 


ROLLING FRICTION BETWEEN MATERIAL 
AND ROLLS. 


In computing the rolling friction it is assumed that 
the material was subjected to a soft anneal prior to 
straightening. This !eaves a scale which greatly in- 
creases the rolling friction. The corresponding rolling 
friction coefficient may be denoted by /; as compared to 
the ordinary coefficient f of the material. If a cylinder 
of a certain weight Q rolls upon a supporting surface, the 
mutual compression exerted by the two bodies results 
in a deformation, the magnitude of which, among other 
factors, depends upon the compressibility of the two 
bodies. The moment required to overcome _ this 





resistance offered to rolling is given by M = Of. 


} 


(a) 





Fig. 5. Diagram for the establish- 
ment of the coefficient of rolling 
friction. 

Assuming that purely plastic deformation prevails, 
the length of contact in axial direction will amount to 
2f. Referring to Fig. 5, where ¢ signifies the thickness 
of the layer of scale existing on the material, the follow- 
ing expression can be established, 


MG) rd yore 
JG) G)— 


which approximates to f; = 0.35 ~/ 8 f? + dy t. 

This value for the friction coefficient applies solely 
to the first part of the rolls where the material has not yet 
been freed from scale. Assuming that one-half of this 
scale is removed as the piece passes over the front patt 
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Fig. 6. Diagram for the 

establishment of power con- 

sumption due to rolling 
friction. 





of the rolls, and the other half as the piece travels over 
the mid-portion of the rolls, the average value for the 
coefficient of rolling friction will be given by 


f+h 
tr ae 
Z 


or fr =O5f +0175 V 8ft+dyt  .. (3) 
and for t = 0, it will be fr = f. Because of the assump- 
tions made with regard to the plasticity of the bodies, the 
value of the rolling friction coefficient as given by 
equation (3) will be somewhat larger than its actual 
value. The power consumption caused by the rolling 
friction can be ascertained with the use of the force- 
diagram given in Fig. 6. Here two rolls of different 
diameters, pressed against each other, are jointly re- 
volving, the moment exerted upon the larger roll being 


D 
P ( fr+ — sin ’) and that exerted upon the smaller 
2 


dy ‘ 
roll being P ( fr——sin r). The respective energies 
2 


required are 


D n dy n D 
(4 + — sin y })——= P| f-——sin r) —— — 
Pe 71620 2 71620 dy 


D — dy 
sin y = fr (——— 
D dy 


Introducing this value into one of the two expressions 
for the energy of rolling-friction and considering that the 
force exerted upon the entire piece is P + 2 P+ P= 
4 P, the total energy required is 


and therefore 


2Pfrn 
Nr = ——(D + dy) hp. ss (4) 
71620 dy 
and the corresponding torque acting upon the piece : 
(D + dy) 
M, = 2P fr ———— kg.cm. ae (4) 
D 


SLIDING FRICTION BETWEEN PIECE AND 
GUIDE. 


According to Fig. 1, the total thrust exerted upon the 
lower guide is 4P sin 8. If pp is the coefficient of 


_ friction between material and guide, the frictional 
» moment is 


M: = 2P dy pp sin 8 kg.cm. ae (0) 
and the power consumption 
2PDn pp 
Nr: = ————— sin B h.p. oe ee (7) 
71620 


This expression is based upon the assumption that, as is 
often encountered in practice, the upper guide does not 
exert any pressure upon the piece. The numerical 
value for jz» will depend upon the material which the 
piece and guide are made, the peripheral speed, and the 
surface condition. The presence of scale on the piece 
will exert a considerable influence upon this coefficient. 
In the straightening process a considerable amount of 
heat is generated by internal friction in the material as 
well as by rolling and sliding friction. The choice of 
the cooling medium (water, emulsion, or oil) likewise will 
affect the friction coefficient. The passage of the 
material through the straightener, naturally, will also 
cause friction losses, but these are of only secondary 
importance and their influence upon the total power 
consumption is negligible. 


BEARING FRICTION. 


The friction moment in the bearings of the two rolls 
is given by 
M: == 2P da bt kg.cm. ee ee or (8) 
where d; is the diameter of the journal and ju: is the co- 
ordinated friction coefficient. From this moment the 
corresponding power consumption is found as 
2P dt pein 
N= —— hop... “A ae (9) 
71620 
The considerable vibrations arising from the straighten- 
ing process proper, cause considerable wear of the 
bearings. But it has been found that roller bearings, 
adequately dimensioned and properly installed, stand 
up well under prevailing conditions of service. Modern 
straighteners are now all equipped with this type of 
bearing. 
IDLE POWER CONSUMPTION. 

The idle power consumption No will depend upon 
the size of the machine and its design, and also upon the 
arrangement of its drive. 

TOTAL POWER CONSUMPTION. 

The total power consumption is given by 

N=Nv+Nr+Nr+Nt_+No 
which is expressed by 





2Pn[02PEPD = (r'—1) ( d; \?) 
N= | . — -) e+ 
71620 _ wI Edy r3 dy/ } 
(D+dy) 
fr ———-+ D 4» Sin B+d pe f+ No hup. .. (10) 


This expression applies to the cold straightening of rods 
and tubes in straighteners equipped with one concave 
and one convex roll, it being assumed that the upper 
guide does not exert a thrust upon the material. 
Furthermore, it is assumed that straightening takes place 
within the yield point range. In practice it is often 
found difficult, not to say impossible, to adhere to the 
latter condition, particularly where steels with a less 
pronounced yield point are concerned. In cases such 
as these it may be necessary to anticipate the employ- 
ment of stresses in excess of os. Since the theoretical 
expressions are based upon a number of assumptions 
and approximations, a considerable divergence between 
theoretical and actual figures might be expected. Actual 
tests conducted with rods of up to 75 mm. diameter, 
however, show a very good agreement between theoreti- 
cal and actual figures. 

The torque My expressed by equation (1) will 
cause the rods or tubes to bend in the vertical plane. 
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Fig. 7. The forces acting in the straightening process tend 
to bend the tube upward. 


This upward deflection in the vertical (Fig. 7) can be 
larger than one-half yy, provided that the upper guide 
does not exert any downward pressure. According to 
the arrangement shown in Fig. 7, the concave roll 
rotates in a downward direction relative to the piece, and 
the convex roll in an upward direction. In consequence 
the piece exerts a thrust solely upon the mid portion of 
the lower guide, while the ends of the latter are not in 
contact with the piece. This method of carrying out 
the straightening process would appear preferable. In 
straightening annealed material the scale layer is re- 
moved in part by the front portion of the concave roll 
surface, so that the tube is relatively free from scale 
when it comes into contact with the lower guide. This 
minimises the risk of an unduly high friction moment 
being set up. Interchanging the rolls, with the direc- 
tion of rotation remaining unaltered, would result in a 
reversal of the operating characteristics. In this case 
the ends of the guide would receive the greatest thrust 
and the scale would largely be rubbed off by friction 
with the guide. In both cases, however, the wearing 
down of the guide will ultimately lead to the establish- 
ment of contact along the entire length of the guide, so 
that it may be questionable which of the two methods of 
operation is to be preferred. 

According to Figs. 1 and 7, the torque exerted 
upon the tube or rod amounts to 2 T dy, where 
2T signifies the sum total of the tangential forces 
acting at the points of contact between the tube and the 
ends of the rolls. Because of these tangential forces, 
acting in conjunction with the frictional forces originat- 
ing from the guide, the pressure 2 P acting upon the 
concave roll is increased by the amount Q (Fig. 7). 
However, as the angle f is generally small, this pressure 
increase is insignificant as compared to the roll pressure 
and it has therefore no great influence upon the bearing 





Convex roll Concave roll 


Fig. 8. Straightening with both upper and lower guide 
pressing upon the piece. 


? 


pressure or power consumption. From Fig. 7 it is seen 
that because of -the climbing of the tube, and also 
because of the effect due to the coefficient f, the angle fp 
actually assumes a value §,, or £,, respectively. But 
these differences are too small to have any practical 
significance with ‘respect to roll pressure and power 
consumption, 

The torque 2 T dy can also be expressed by 
2 P dy wy, where fy is the coefficient of the friction 
prevailing between tube and roll, this friction being 
required for the transmission of the torque. As 
this moment corresponds to My+M;+M; in 
accordance with equations (1), (5), and (6), it can also 
be written 


04P7 PP (r’®—1) fT di \* 
2P dy by = IE . 3 | e-*(=) ] 
7 id 


y/ J 
(D+dy) 
Pfr _— + 2 P dy Bp sin. B 





By introducing a minimum value for py into this 
equation, the maximum value for / can be obtained for 
which straightening of certain tube dimension is still 
possible. It is found: 


. E ~ 1 
Imax = 2.5 dy [Gs I {g_y/ a) ) 
a eae * 2 


r2 


if f— — } ae 
voi D 1 . 
fe min iy b ) 


If this maximum value for / is exceeded, the rolling 
pressure and the tangential force remain so small that the 
rolls are incapable of transmitting the required torque 
to the tube, so that slip takes place. According 
to Fig. 1 the axial thrust acting upon each roll is given by 
2 T sin «, and as 2 T dy=M,y+M,-+My, this thrust can 
be computed. The maximum axial thrust Rmax is 
obtained by making 2 7T=2P py max, where py may 
denotes the maximum friction coefficient which, during 
operation, can be expected to occur. Thus the maxi- 
mum axial thrust is given as 


Rmax=2 iP Av max sin % oe (12) 


With the employment of an upper guide which 
presses down upon the piece and thereby increases the 
frictional forces, the power consumption is considerably 
increased. If the same roll arrangement shown in 
Fig. 7 is used, the application of an upper guide will 
bring the tube into the position shown in Fig. 8, which 
evidences a lateral displacement of the tube. In this 
case a considerable upward thrust against the upper 
guide and a consequent increase in the downward 
thrust upon the lower guide will prevail. This intro- 
duces the risk that the torque required to rotate 
the tube cannot be transmitted from the rolls. The 
upper guide should not, therefore, be allowed to 
exert pressure upon the material, but should only serve 
as a guide for feeding-in and passing-out the materia’. 
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¢ 
IDEAL CYCLES. 
(From Professor T. M. Melkumov’s book, “‘ Theory of the High-Speed Diesel,’’ Moscow, 1944, Chapter II, pp. 32-41). 


THE DIESEL ‘CYCLE. 


THE ideal diesel cycle is given in Fig. 1, where 1-2 
represents adiabatic compression, 2-3 is a line of con- 
stant pressure during which the amount of heat Q, is 
introduced into the cycle; adiabatic expansion takes 
place along curve 3-4, and the amount of heat Q, is 
removed from the cycle during the constant volume 
line 4-1. Using the designations shown in Fig. 1, we 
find : 


V. 
The volume ratio of compression is: ¢ = see 
V, 
V; 
The combustion ratio is: p = —, and the volume 
2 
V; V; € 
ratio of expansion is: § = — =:-—— = - 
V3 pV, se 


The thermal efficiency of the diesel cycle is ex- 
pressed by the formula 
at 1 
m=1——--.— .. af (1) 
k(p—1) && 


ra 







Fig. 1. Ideal diesel cycle. 





re) ct nee é : 
—+} V, L_ coe Vil are 


c 





An investigation of equation (1) shows that the 
thermodynamic efficiency increases with an increased 
volume ratio of compression ¢, and also with a decreased 
combustion ratio p. Furthermore, the thermal effi- 
ciency depends upon the properties of the working 
medium (factor k). The influence of p and « upon the 
thermal efficiency 7 is charted in Fig. 2. 

The thermal hia is decreased if the ideal cycle 
is carried out with a real gas instead of an ideal one. 
This is due to the fact that the specific heat of a real gas 
varies with the temperature. Thus an increase in gas 
temperature is accompanied by an increase in the 
specific heat of the gas, which leads to a modification of 
the lines of adiabatic compression and expansion. For 
a given amount of heat Q, introduced into the cycle and 
for a given final temperature 7, at the termination of 
compression, the volume V, in the diesel cycle (or the 
final pressure in the Otto cycle) will therefore be smaller 
than that which would prevail in the case of an ideal gas, 
the specific heat/of which is independent of the tempera- 
ture. The efficiency of the ideal diesel cycle performed 
with a real gas is expressed by the following complicated 
relationships : 


According to Walker : 


(ok — DBT, 
SS =e 
‘ ? 2ck-1 k (p — 1) 
2eK1 pK (p—1) (p41) 
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and according to Seiliger : 
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n't = Nt 1— a (p + 1) ee (2b) 
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Fig. 2. Influence of compression ratio and combustion ratio 
~ upon efficiency of the ideal diesel cycle. 


where 7 is the thermal efficiency as given by equation (1) 


b 
and 8 = -, where a and b are the constants of the ex- 
a 


pression cy = a+bT. 
According to Professor Kvasnikov it is : 


, nln 
“= 7 — — [ 1 -—- ———_— ]} (3) 
be ? <= _ BT, ) 
k+; 


where N = 2k + kp +e¢k-1 pk + (1—2k) ek! pk+1 
and = =M = 2k + (p+1—2k) ek, 
The author proposes the expression 





1 pko ci-m 
n= 1— — 
ky €Xo"! (p—1) nc 
b ye d — eko-1) 
where c=uve™ 
1 Ko 1 
m= pe | —— — 1 
8ko-1 1 ena 1 
peXo! ¢—] 
n> } + 
1 
Ro aT, a 1) 
b [Po 
B = -; k, = —at the temperature T, = T, 
a Cvo 


The author’s formula is obtained by using the 
equation for the adiabatic of a real gas in the form 


b 
ia i 
It is easily seen that for the constant specific heat, 
b 
E 


= const. a ‘ (5) 


the factore°%® = 1 and also b = 0. Therefore it is 
also c = 1,c!™ = 1, B = 0, and nm = 1, so that equa- 
tion (4) transforms into equation (1). 

Let us assume that the adiabatic expansion of the 
gas is continued up to the moment where the initial 
pressure rise of the cycle has completely disappeared. 
In this case we obtain the diesel cycle with full expansion 
(Fig. 3). A cycle of this kind is encountered in the case 
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of supercharging by means of an exhaust turbine. 
Another such case is that of a gas turbine operating on 
the constant pressure principle. 


p 


Fig. 3. Ideal diesel cycle with 
full expansion. 
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In the diesel cycle the line of constant pressure 
actually represents an expansion ratio, with the change 
in internal energy and the equivalent work of expansion 
being received from an external source. Therefore the 
thermal efficiency must fall with an increasing ratio of 
combustion. In the case of the diesel cycle with full 
expansion it is seen that the ratio of expansion equals 
that of compression. Therefore the thermal efficiency 
does not depend upon the ratio of combustion. 

V4 Vi 
Itis 6 = —; € = —; therefore for the case of 
3 2 
constant specific heat it is pp = pie*; p, = p,d*. But 
as Pe — Px and Pi = Pa it is €e= }. 

The pressures and temperatures at the points 2, 3, 
and 4 of the diesel cycle with full expansion can be 
expressed by the pressure and temperature prevailing 
at point 1. 

It is 
P2 = pick 5 k T, Tee > 
Ps = Po = DiE* 5 T; = Tap = Type" ; 
Pa = Pis T, Tip, 
V; 
where p=— 
Vy 
The thermal efficiency of the diesel cycle with full 
expansion (Joule cycle) therefore is 
Q» Cp (Ty — T)) 
oes ot Doe 


Q, Cy (T3 = T;) 


1 
1— oe sf a 
= (6) 
Consequently the thermal efficiency of the diesel 
cycle with full expansion equals the thermal efficiency 
of an Otto cycle which has the same compression ratio 
as the diesel cycle considered. 


THE DUAL COMBUSTION CYCLE. 
(Sabatier cycle). 


In solid injection diesels the gas pressure increases 


during combustion of the fuel, the degree of such 
pressure increase depending upon the speed of the 
engine, the design of the combustion chamber, and 
several other factors. The ideal cycle for the case of the 
solid injection diesel is represented by the Sabatier 
cycle shown in Fig. 4. This cycle consists of adiabatic 
compression according to curve 1-2, a period of constant 
volume compression 2-3, during which an amount of 
heat Q’; is added, and a constant pressure period 3-4, 
during which the amount of heat Q”; is added. The 
latter period is followed by adiabtic expansion as shown 
by the adiabatic curve 4-5, and subsequently by the 
constant volume line 5-1 accompanied by the rejection 


of the amount of heat Q, from the cycle. The com- 
pression ratio of this cycle is given by 
V; V;, 
e=—3 Itis p=— 
2 3 
and the expansion ratio is 
V; V; € 


6= — = — = - 

V5 pV; P 
The degree of pressure increase taking place during 
constant volume heat reception (that is, during com- 
bustion in the actual ‘‘ dual combustion ” cycle) is given 


Dp. 
by A= ok With a gas of constant specific heat, the 
Pe 
cycle efficiency is given by 
ApkK—1 1 
(7) 
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Fig. 4. 
Ideal dual combustion cycle. 
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The thermal efficiency of the dual combustion in- 
creases with increasing values of « and A, and it di- 
minishes with increasing values of p. The increase in 
the thermal efficiency with increasing values of € is 
explained by the fact that with other conditions re- 
maining equal, 5 increases with rising values for e. 
Therefore a larger amount of heat, equivalent to the 
change in the internal energy of the gas, transforms into 
expansion work. The rise in the thermal efficiency 7 
with increasing values for A, with all other conditions 
remaining equal, is explained by the comparative 
increase in the amount of heat added under conditions 
of constant volume. The diminution in efficiency with 
increasing values of p is due to the same causes as apply 
to the diesel cycle. 

Between the factors \ and p a relationship must be 
established, it being assumed that the amount of fresh 
charge introduced into the cylinder and the proportions 
of air and fuel remain constant for all ratios of compres- 
sion. Or, in other words, it is assumed that the quantity 
of the heat supply Q, remains unchanged. We find 


Q, = cy (Ts — Tz) + cp (Ty — Ts) = cv T, et 
[A—1 + kA(p—D)] 
and 


Q: 
[A—1 + kA(p —1)] &&! = ——=a= const. (8) 
cyT, 

This equation gives the ralationship between A and p 
if the amount of heat Q, added to the cycle remains 
constant. As shown by equation (8), various values for 
\ are co-ordinated with any one given value for p since A 
is a function of the compression ratio «. Equation (8) 
may, however, serve for obtaining maximum values for 
d (for p = 1) and maximum values for p (for \ = 1); 
and it is found : 


Qi 
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(9a) 


It is thus seen that the thermal efficiency of the dual 
combustion cycle is a function of two independent 
variables, namely ¢ and p, or € and Aas A =f (p). From 
equations (9) and (9a) a graph of the functional re- 
lationship 7: = f(€,p) of the dual combustion cycle can 
be drawn as shown in Fig. 5. 

The thermal efficiency of the ideal cycle decreases if 
it is based on a real gas. In this case the equations of 
the cycle efficiency are, however, of considerable com- 
plexity, the a given by Walker being as follows : 


(Apk — 1) BT, { 2eK-1Xpk Qe—1) 


2eK-1[.—1+kA(p—1)] w—1 
SUE, 
.(10) 


A—1+ kA(p—1) 
For technical purposes the following approximation can 
be used : 


BT, 
n't = Nt Pe ee 
An approximation given by Seiliger reads : 
' BT, 
n't = ht 1— ~ (Apk + | 


Proceeding from Walker’s formula, 
Kvasnikov establishes the expression 


pk —1+ Fh yy 





n't=Nt— 





(Apk—1) + 2 (eK-2—1) — 


(10a) 


(10b) 


Professor 
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Apk (2 — Qek-1 +. Dpek-1 — Apk) — 1; 
= 2+e1(A—1); 
= 2k + €K1 (Ap — 2k + A). 
The formula suggested by the author is : 


eko-1 
m= 


———— A 
1— &o-1 ” be -1 F 


For a gas of constant specific heat it will be b = 0, 
c= 1, c'}™ = 1, making equation (12) identical with 
equation (7). Also, by making A = 1, the equations 
(10a), (10b), (11), and (12) become identical with the 
corresponding formulae (2a), (2b), (3) and (4) established 
for the diesel cycle employing a real gas. 

Considering the case of a dual combustion cycle with 
full expansion (Fig. 6) similar to the Joule cycle referred 
to above, we find : 

V;, V; Ds V, 
e=— §=— 


V; V; Pe V; 
For a gas of constant specific heat is : 
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Pa = Pie®s Ds 


Fig. 6. Dual combustion cycle 
with full expansion. 
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For the dual combustion cycle with full expansion 
it therefore is : 
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The temperatures at the characteristic points of the 
cycle, as related to the temperature prevailing at point 1, 
are as follows : 

T, = Tye*'; 


(13) or, =A (13a) 


T, = Trek; 
ek-1 
as = T; pa ka 


= Typrek-; 


According to equation (13) it is : 
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Fig. 5. 
the ideal dual combustion cycle. 


Influence of € and p upon the cfficiency of 


) 
Therefore T; = Typ - 


The thermal efficiency of the dual euitnnuinn cycle 
with full expansion can be written thus : 
cp (T; — T)) 


> 
; cp (Ty — T3) + Cy (T3—T2) 
or by substituting the aforementioned values : 
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AK 1 1 
I = ae (14) 


i 
A(p — 1) i Se 





By making A = 1, the dual combustion cycle with 
full expansion is seen to be transformed into a diesel 
cycle with full expansion, equation (14) becoming 
identical with equation (6). 

Furthermore, by making p = 1, the dual combustion 
cycle with full expansion is transformed into an Otto 
cycle, with full expansion, that is to say, into the 
Humphrey cycle. The thermal efficiency of the latter 
can be derived from formula (14) by making p = 1, thus 
obtaining : 

1 


\‘K— 1 k 
t= 1———_—_ .—_... <x 45) 
A—1— 

The Humphrey cycle can be considered as the cycle 
of an installation consisting of an aircraft diesel equipped 
with exhaust turbine, or as that of a gas turbine of the 
constant volume type, that is a Holzwarth turbine. 

It was shown that the thermal cycle efficiency in- 
creases with an increased compression ratio, although the 
latter does not itself appear among the factors deter- 
mining the efficiency. The compression ratio does, 
however, exert its influence by virtue of the fact that the 
determining factor of expansion ratio increases with in- 
creased compression ratio. On the basis of what has 


been stated above with regard to the interrelationship 
existing between 6 and e in the various cycles, the 
thermal efficiencies of these cycles (equations 1, 6, 7, 14, 
and 15), can be expressed in terms of the expansion 
ratio as follows : 
The diesel cycle : 
‘ px peas | pk-1 
mn = 1———_ .— et 
k(p—1) 8k-1 
The diesel cycle with full expansion (Joule or 
Brayton) and the Otto cycle: 





1 
=1— ( 
nt Ska (6a) 
The Dual combustion cycle: 
Apk- 1 px 
a= 1 ——_—————__.. — «+ (Ta) 


A—14+ k(p—1) 8 
The Dual combustion cycle with full expansion: 





1 k-1 
pak — 1 Ak 

m= 1— 7 . 5k . (14a) 

A(p—1) + iia 
and the Humphrey cycle : 

1 k-1 

WK — 1 kik 
n= 1————_ . —— es ee os (5a) 
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TESTING OF PLASTIC BEARINGS IN SWITZERLAND. 


By Tu. BOvET. 


OwING to wartime shortage of some raw materials, 
such as copper and tin, research work was organised 
by four Swiss turbine manufacturing firms with a view 
to finding suitable substitute materials. The research 
programme consisted of :— 
(1) Compilation of materials which may be con- 
sidered as suitable substitutes ; and 
(2) Planning of the research programme which is 
essential from the practical point of view of 
turbine construction. 
According to the first point of the programme, 
some 30 materials have been listed of which four are 


plastics, denoted in the following by letters A,B, Cand D. ~ 
The first three types of these are phenol-kresol base * 
plastics with. resin-impregnated fabric filler. The . 
laminated press materials of this type are referred to- ; 
by the specification VSM.21/101 as H.POGb materials. * 


The only difference existing between the types A, B 


and C is due to the quality of resin used and carefulness 
The plastic D @ 
This non-laminated press 


observed during the manufacture. 
contains organic shreds. i 
material is denoted in the specification as type H.POS. 


The second point of the programme makes provision # 


for bearing tests of three types :— 


(1) The shaft performs small oscillating motion. a 
This type of motion occurs in turbines, as an _ 
The bearings for ~ 


example, in the regulator. 
such applications are working under particularly 
severe lubrication conditions. 


(2) The shaft performs oscillating motion of large ™ 


amplitude. Lubrication conditions are some- 
what better in this case than in case (1); the 
bearing loads are, however, heavier. 
(3) Tests with journal bearings. 
For the first two types of-bearing tests the same 
test apparatus can be employed. The oscillating motion 
of the shaft is governed by means of a regulator and 






























(From Schweizer Archiv, Vol. 10, No. 3, March, 1944, pp. 75-80.) 


lever arrangement. The shaft is mounted in two test 
bearings and a central roller bearing. A view of the 
apparatus is shown in Fig. 1. The inner test bearing 
diameter is 60 mm. and the width 50 mm. Each 
bearing is provided with a central and six axial grooves. 
The bearing made of plastic B was soaked for 80 hours 
in oil at 80 deg. C. Grease lubrication was provided, 
the grooves being filled with grease prior to starting 
the test. No fresh lubricant was provided during the 
test period. 
The test shafts complete 25,000 cycles in about 
‘ 7-8 hours’ test 
period. The 
amplitude of 
oscillation is 
about 2.3 mm. 
on the bearing 
surface, giving a 
mean velocity of 
4-4.5  mm./sec. 
The shaft mate- 
rial is carbon 
steel of 45-55 
kg./cm.? tensile 
strength. The 
test bearings are 
first loaded to 
123 kg. / cm.’ 
bearing _pres- 
k sure.  Inspec- 
tion of the bear- 
me" ing surfaces after 
B the first 25,000 
cycles has shown 
-that a small 
> amount of wear 
: has taken place, 


Fig. 1 
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BEARING MATERIAL First TEstTs SECOND TESTS 


Gun Metal 
Copper—Lead 
Plastic “ B” 
Brass Alloy “‘ A” 
Brass Alloy “*B” 
Zinc Alloy 


Silicon-Aluminum Alloy ne | 





Cast Iron (Chromium Plated) | 


Load——> 1 square = 50 kg.’sq. cm. Fig. 2 


which has slightly charred the bearing surface. Sub- 
sequently tests were carried out with the same bearing at 
170, 223, 270 and 318 kg./cm.* bearing pressure. After 
the last test, the bearing surface was found to be badly 
charred, but scoring marks were still not visible. 

During the second series of tests 1,000 cycles were 
arranged of a mean velocity of about 17.5 mm./sec. 
The shaft material was St. 60.11. The test bearings 
of plastic B were successively tested with bearing loads 
of 131, 140, 229, 365 kg./cm.* Up to the 365 kg./cm.? 
load, inspection has shown that the bearings remained 
in very good condition. With the 365 kg./cm.* bearing 
pressure the test was continued, however, for twice 
1,000 cycles, and subsequent examination showed that 
the bearing on the driving side was damaged. At the 
same time surface unevenness of about 0.01-0.02 mm. 
was detected on the shaft. The damage caused to the 
bearing, however, was not very serious. 

From these results the maximum permissible 
bearing loads for the two types of tests were estimated 
to be 150 and 250 kg./cm.* Fig. 2 shows that these 
loads compare favourably with the values obtained for 
other substitute mate1.als. In the second series of 
tests better results were obtained with copper-lead and 
bronze bearings ; with impaired lubrication conditions, 
however, the oil-soaked plastic bearings gave more 
favourable results. The good emergency running pro- 
perties of the plastic bearings prevent serious damage 
to the bearing ; with metallic bearings, under similar 
lubrication conditions, dry friction occurs which results 
in seizure. 

In the series of tests with journal bearings, all four 
types of plastic materials were tested. The test appa- 
ratus was designed with a view to allow maximum 
bearing pressures of 300-400 kg./cm.*, and speed of 
1-10 m./sec. Edge pressure on the bearings was 
carefully avoided. Furthermore, the apparatus per- 
mitted easy dismantling of the bearings for inspection 
purposes, changing of the shaft and determination of 
the coefficient of friction between shaft and bearing. 

The test apparatus is illustrated in Fig. 3. Two 
section girders are joined at the extreme left by means 
of a link and two forks. The pin through the fork 
and the top girder serves as a pivot. To the right 
from the pivot, the two girders carry a bearing housing 
eich. ‘The test bearing is fitted into the central housing 
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attached to the top 
girder, while the 
forked housing at- 
9; tached to the bot- 
| tom girder carries 
€ two roller bearings 
at the two sides of 
the test bearing. 
Further to the right 
: a plunger sliding 
in a cylinder ar- 
rangement is pro- 
OL OuTLET vided. The load 
Fig. 4 on the _ bearing 
‘ is applied by pump- 
ing oil into the cylinder. Part of the total load 
is transmitted to the shaft and is carried, therefore, 
by the two roller bearings ; the rest is carried by the 
scale as shown. As the friction between shaft and 
bearing increases, so the scale reading changes and 
gives an indication of the frictional torque. The scale 
reading multiplied by the distance between shaft centre 
and knife edge, divided by the radius of the test bearing 
gives the frictional force acting at the bearing periphery. 
The coefficient of friction is obtained by dividing the 
frictional force by the bearing load. The friction due 
to the roller bearings can be separated by means of 
the charts provided by the manufacturers of the roller 
bearings, showing friction against shaft speed. Bending 
of the shaft is reduced to a minimum owing to the small 
distance between roller bearing centres. The speed of 
the shaft can be adjusted between zero and 3,125 r.p.m. 
The size and shape of the test bearing are shown 
in Fig. 4. The shaft is provided with a sleeve so that 
only this and not the whole shaft need be changed 
after each test. In order to allow for thermal expansion 
of the test bearing, the bearing is provided with an 
axial slot. The oil enters through’an oil hole at the 
bottom centre of the bearing and is carried by the 
shaft to the top half of the bearing, which carries the 
load evenly distributed over its entire arc. The test 
bearing is so located in the housing that it is prevented 
from rotation: The bearing clearance is about 0.4 per 
cent. Each test bearing is soaked in oil at 80 deg. C. 
for 24 hours prior to testing. The arrangement of oil 
circulation and cooling is diagrammatically shown in 
Fig. 5. In order to promote comparative testing of 
bearings, the oil temperature T, at the outlet was kept 
constant at 50 deg. C. This was obtained by appropriate 
cooling or heating of the oil supply. 
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CORELESS INDUCTION 


(From Elektrotechnische Zeitschrift, Vol. 65, No. 19/20, 17th May, 1944, pp. 185-189.) 


By Kari Borer. 


WITHIN the last fifteen years the number and the 
capacity of coreless induction furnaces commissioned 
have increased to such an extent that they cover a 
considerable proportion of steel manufactured; the 
steel capacity of certain furnaces is as high as 10 tons. 

At present the range of applications of coreless 
induction furnaces for the production of steel is still 
rather limited. The charge should consist in principle 
of pure scrap, requiring no further refining, particularly 
no desulphurising and dephosphorising. It is, therefore, 
mainly a melting-down furnace, and its rapid develop- 
ment and adoption in steel works is primarily due to 
the’ fact that, from a metallurgical aspect, the results 
obtainable with such furnaces are either not obtainable 
with other furnaces or only with the greatest difficulty. 

The principal metallurgical advantages are the 
absence of impurities in the finished product, the 
homogeneous composition of the steel resulting from 
the thorough stirring of the bath by the electromotive 
forces set up in the bath and, finally, the possibility 
of attaining exact composition on account of the 
positive temperature control available. The use of 
coreless induction furnaces is particularly successful 
for the production of low-carbon alloys and high-quality 
complex-alloy steels, calling for constant quality and 
homogeneous composition. Further advantages, such 
as simplicity and ease of operation, immediate availability 
for service, uniform and impulse-free electric load, 
and the easy renewal of the crucibles have materially 
assisted its adoption in steel works. 

As it is possible to rapidly obtain very high bath 
temperatures under exclusion of impurities, such 
furnaces can be used also in the production of both 
thin and small-sized high-quality castings. 

Recently the coreless induction furnace has been 
specified also in the production of lead-bronze alloy. 


OF A CORELESS INDUCTION 

FURNACE. 

As is implied by the name “coreless induction 
furnace,” this type of furnace is built up without an 
iron core. It consists mainly of the smelting vessel 
which takes the shape of a crucible, around which is 
wound a coil carrying a high-frequency alternating 
current. A short consideration will now be given of 
the electrical principles involved in so far as they 
affect the frequency, the importance of which is often 
greatly exaggerated. 

The eddy currents induced in the bath (considered 
as a cylindrical block of metal), on account of the 
high frequencies involved, will only flow within a thin 
layer of the cylinder surface (skin effect). 

The energy absorbed by the bath is W, = RI,?, 
wherein R is the resistance of the cylinder and /, is 
the density of the induced current. The value of 
I, = nI,K, where n is the ratio of transformation 
between the furnace coil and the bath, J is the current 
density and K the leakage of the furnace coil. For 
a coreless induction furnace, however, K is independent 
of the frequency, being a function of the geometrical 
ratio between coil and bath. 

The energy converted to heat in the bath is 
W,=a« V pf n°I,?, wherein « is a constant, depending 
upon the geometrical dimensions of the furnace, 
s is the specific resistance of the metal to be melted, 
f is the frequency, and J, are as given above. 

It follows that the frequency does not affect the 
energy absorbed to a great extent; the latter is only 
a function of the frequency in so far as the skin effect, 
and therefore the resistance R = ~/ pf will increase 
with higher frequency. The losses arising in the 
furnace coil will correspond to W, = R,J,*. They 


OPERATION 


FURNACE PRACTICE. 


are, therefore, a function of the same product as the 
furnace energy W, = RI*, that is the product of the 
resistance, which varies with the frequency, and the 
square of the number of ampere turns. It follows, 
therefore, that the efficiency of coreless induction 
furnaces is independent of the frequency. 

The frequency adopted may affect to a certain 
extent the size of the scrap charge. But only in certain 
exceptional cases is the frequency of decisive importance, 
e.g., it is not possible to melt pulverised copper in a 
furnace working with a frequency of 10,000 cycles. 
Since the depth of penetration for copper at 18 deg. C. 
is 0.66 mm., the scrap must be at least 4 x 0.66 = 2.64 mm, 
thick. This difficulty is overcome in practice by using 
large-sized scrap when starting the process, introducing 
the pulverised or fine-sized material as soon as a liquid 
bath is available. Using this method of charging, it is 
also possible to melt iron turnings in larger furnaces 
operated with a current frequency of 500 cycles. The 
use of compressed iron turnings, if they are pure, 
has even made it possible in one particular practical 
case to do without the initial large pieces of scrap. 

If small quantities only of pulverised charge are 
available, an ultra-high-frequency plant is used, 
together with a high-frequency alternator, the range 
of the frequencies being from 100 to 1000 kilocycles. 
Plants of this type are being supplied for steel capacities 
from 10 to 20 pounds. 

The turbulence of the molten bath is also affected 

1 
by the frequency, but only in the ratio of ——. 


Of greater importance is the energy absorbed by the 
furnace as the turbulence varies in the same ratio. 
It is possible to reduce or to avoid an excessive 
turbulence by charging the crucible above the level of 
the top winding of the coil. The induction effect 
drops very sharply above this winding, so that no 
movement takes place in the overcharged part of the 
crucible. The top portion of the bath remains still 
therefore, and acts like a load to damp out the 
turbulence in the lower main portion of the bath. 

On account of the relatively minor importance of 
the frequency, it has been possible to limit the range 
of manufacture of coreless induction furnaces with 
rotary converters to the following 3 or 5 main 
frequencies : 10,000 cycles for small furnaces, the steel 
capacity of which does not exceed | cwt., 2000 and 1500 
cycles for furnaces with a capacity of 2 and 5 cwt. 
respectively, 500 and 600 cycles for furnaces with a 
capacity exceeding 5 cwt. 

The above capacities are based on steel and. will 
vary accordingly for other metals. Furnaces with 
a capacity of less than 50 lb. are chiefly used in 
laboratories and are manufactured for loads of 
4.5, 10, 20, 30 and 40 Ib. 


CIRCUITS FOR CORELESS INDUCTION 
FURNACES. 


The low power factor, generally less than 0.1 for 
coreless induction furnaces, calls for the use of 
condensers as it is not economical for the generator 
to supply a wattless component of such magnitude. 
The condensers may be connected either in parallel 
or in series with the furnace coil. With a connection 
in parallel, the voltage remains constant while the 
current rises, producing a current resonance. A series 
connection of condensers and furnace coil, on the 
other hand, produces a voltage resonance. As a matter 
of fact, in the latter case both the furnace voltage and 
the current will increase. Generally, a current resonance 
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Fig. 1. Current r c tion 





connection (Fig. 1) will be preferred 
because of its clarity and simplicity. This 
is always used where the generator voltage 
can be made equal to the furnace voltage. 

It follows that a current resonance 
connection is used for all plants operated 
with frequencies of 500 or 600 cycles, and $ 
for those of 2000 cycles. In the case of +—{}™ 
plants operated with a frequency of 10,000 
cycles it is not always possible to produce 
a generator voltage equal to that of the 
furnace coil because only little room is available in 
the stator to provide the necessary slot insulation. It 
is, therefore, necessary to keep the generator voltage 
within certain limits which depend on the size of the 
generator. 

A furnace voltage for smaller plants of 1500 volts is 
generally used to allow for better adjustment to the best 
possible and practicable types of condensers, while for 
large plants furnace currents of 3000 volts are usually 
preferred. Several plants with a frequency of 10,000 
cycles have been supplied connected as shown in Fig. 2. 
In this case the furnace circuit comprises the furnace coil 
with condenser mounted in parallel with the coil. The 
adjustable series condensers, mounted between generator 
and oscillatory circuit, are provided in order to adjust 
the variable impedance of the oscillatory circuit to the 
generator voltage throughout the melt in such a manner 
as to Maintain the generator output at a constant value. 
However, in the case of this circuit there is the danger 
that with earthing between series condenser and 
oscillator circuit—which might occur through a fracture 
of the crucible—the capacity. of the series condenser and 
the induction of the generator become resonant and 
consequently damage the equipment. 

Precautionary measures such as constant earthing 
of the equipment and over-voltage circuit breakers 
shunting the generator windings in case of over-voltages 
are not absolutely reliable because of the time-lag of 
such protective equipment when used in connection 
with a frequency of 10,000 cycles. 

A connection using the furnace coil itself as an 
auto-transformer is shown in Fig. 3. The adjustment 
of the variable impedance of the oscillator circuit is 
provided by means of 2 to 3 tappings between furnace 
coil and generator. This type of connection may be 
considered under present circumstances as the most 
suitable for small plants operated with a frequency of 
10,000 cycles. 


ELECTRICAL MEASUREMENTS OF THE 
FURNACE PLANT. 


As was pointed out above, the impedance of the 
bath varies during a melt. It is necessary, in order 
to maintain the energy consumption of the furnace coil 
at a constant value throughout the melt, to provide 
a generator of constant output throughout the voltage 
range when using the current resonance circuit with 
frequencies of 500/600 cycles and 1500 to 12,000 cycles. 
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The most suitable range for generators of plants 
operated with a maximum furnace voltage of 3000 volts 
is 2300 to 3000 volts, while for plants operated with a 
maximum furnace voltage of 1500 volts it is 1200 to 
1500 volts. This voltage range is generally sufficient 
to meet the conditions of the scrap normally used 
with coreless induction furnaces. 

When refining steel it is often desired to increase 
the generator output of coreless induction furnaces 
above the standard output similarly to the arc-furnace 
practice, where increasing the output has led to 
excellent results. But both arc-and coreless induction 
furnaces are subject to limits as regards increased 
output. For each furnace size there exists a limiting 
output value. When this amount is exceeded the 
losses increase at such a rate that they will immediately 
consume any extra output provided. A short discussion 
of the reasons for this phenomenon will now be given 
as these reasons are even more evident with coreless 
induction furnaces than with arc furnaces. 

Because of the low power factor and notwithstanding 
the much higher operating voltage of coreless induction 
furnaces, their average current densities will be approxi- 
mately equal to those of arc furnaces output for output. 
Fig. 4 shows that the current density of a coreless 
induction furnace is not constant throughout the melt. 
The initial value is only about 50 per cent of the final 
amperage, e.g., for a 6-ton furnace the density is at first 
approx. 3000 amps., then it rises steeply and will be 
6700 amps. at the end of the melt. The reason for this 
phenomenon is that with rising temperature the 
permeability of the iron decreases until its value 
becomes unity at the magnetic arrest point (768 deg. C. 
for pure iron). 

As the inductance of the furnace varies directly 
with the permeability, it will be considerably reduced 
during the smelting process. The inductance is further 
modified by the conditions of the contact between 
bath and furnace coil. The contact improves with 
melting of the charge and a corresponding reduction 
of the induction results. These facts explain why the 
furnace intensity is a minimum at the start and a 
maximum at the end of a melt. As the furnace current 
loss varies with the square of the current, it will there- 
fore increase towards the end of the melt to many 
times it value at the beginning of the process. Any 
unnecessary rise in energy consumption would, therefore, 
result in a corresponding increase in current loss. 

Additional losses which increase with larger furnace 
currents are those due to hysteresis and particularly to 
the eddy currents set up in the structural parts of the 
furnace located within the open field of the furnace coil. 
These losses consume up to 8 per cent of the kWhr. 
consumption per ton of finished steel. 


7000 
A 








Fig. 4. Furnace current fora coreless induction furnace of 
6-ton capacity with 1600-kW. generator plotted against 
melting time. 
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With regard to the condenser current, whicl: is also 
low at the start and increases during the process, it 
should be noted that the current losses vary as the 
square of the condenser current, while the condenser 
losses themselves are directly proportionate only to 
the wattless component. 

It should be further noted that, compared with 
an arc furnace with its large bath surface and its 
external energy development by means of an arc, the 
thermal losses of a coreless induction furnace are very 
low. This is achieved through the cylindrical con- 
struction of the crucible, the diameter of which is 
approximately equal to its depth and through the 
—e of heat by induction within the charge 
itself. 

Whereas the thermal losses of a 6-ton coreless 
induction furnace do not exceed 3 to 4 per cent of 
the total losses, they are 6 to 7 times higher in an 
arc furnace of the same capacity. 

It follows from the above considerations that the 
losses of a coreless induction furnace are chiefly 
electrical in character, whereas in an arc furnace the 
thermal losses make up a far greater proportion of 
the total losses. However, the over-all efficiencies of 
both types of furnaces are approximately equal. 
Therefore, with a coreless induction furnace a reduction 
in melting time by means of an increased energy 
output does not offer the same advantages as with an 
arc furnace. A satisfactory and economic operation 
of coreless induction furnace plants is obtainable 
when two such furnaces are run in parallel with one 
and the same generator. The energy output available 
in this case should be approximately 30 per cent 
higher than for standard equipment. It is then 
possible to increase production by 80 per cent as 
compared with the standard rating of a single furnace. 
Many types of connections are used when running 
several furnaces in parallel. 

In the most simple type of connectign the generator 
works on a system of busbars from which the two 
furnaces and their ccndensers are fed in parallel. 
Connecting the furnaces in parallel has, however, the 
practical disadvantage that one oscillator circuit 
influences the other. This is avoided by connecting 
the circuits in series as shown in Fig. 5. Ahead of 
the two oscillator circuits are mounted condensers in 
series in order to produce the additional voltage 
required for the second furnace because of the series 
connection of the two furnaces. If only one furnace 
is in operation, the series condenser is short-circuited. 
This ‘type of series connection has found many appli- 
cations which have proved quite satisfactory in service. 
Fig. 6 shows a connection which is based on the fact 
that the output is reduced during the refining and 
high-temperature stages. The adjustment of the lower 
output is carried out by means of an ordinary trans- 
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Fig. 5, Connection with oscillator circuits in series. - 
































former. Each furnace may be connected, as required, 
either directly to the generator or to the transformer, 
Parallel operation is not suitable when the time required 
for the alloying, the removal and the introduction of 
the charge is short compared with that required for the 
actual melting stage. The operation of two furnaces 
in parallel with the same generator should always be 
used when the time required for the high-temperature 
stage and for the alloying, removal and introduction 
of the charge is the same as for the melting stage, 
Such is often the case with a melting stage of one hour 
as in medium furnaces. 

At present there are only a few cases in which 
coreless induction furnaces are used for refining 
purposes. However, the fact that for two years it has 
been possible to carry out desulphurisation from 
0.045/0.050 to 0.020/0.015 and a dephosphorisation 
from 0.050 to 0.015/0.025, with a basic lined coreless 
induction furnace of 2 tons steel capacity, justifies the 
assumption that there is still considerable scope for 
further applications of this type of furnace. 
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Fig. 6. Connection using a transformer. 


CONCLUSIONS. 


The paper covered the range of application of 
coreless induction furnaces in steel and foundry work. 

When the operation of such a furnace was 
considered with reference to the frequency, it was 
shown that the efficiency of the furnace is independent 
of the frequency and that the selection of the frequency 
does not affect the energy absorbed by the furnace; 
the magnitude of the wattless component, the size 
of the scrap and the turbulence of the molten bath 
to such an extent as is generally assumed. 

The description of the types of connections available 
covered current and voltage resonance circuits, while 
a circuit using the furnace coil as an auto transformer 
was also mentioned. Variations in the impedance 
should be covered in the electrical measurements of 
the plant by means of generators of constant output 
over a wide voltage range. On account of the steep 
rise in losses the increase in output of any coreless 
induction furnace is even more limited from an 
economical point of view than is the case with an 
arc furnace. The operation in parallel of coreless 
induction furnaces discussed at the end of the paper 
is only of advantage in cases where the periods for the 
high-temperature and alloying stages, as well as for 
the introduction and removal of the charge, are equal 
to the melting time. 
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THE PRESENT STATUS OF THE GAS TURBINE AND ITS 
ECONOMIC PROSPECTS. 


By Dipl. Ing. H. PFENNINGER. 


THE present paper endeavours to clarify the question of 

the economy of gas turbines. The data presented have 

been derived from practical experience with gas turbine 

plants actually in operation. 

TABLE I. WORLD-MARKET PRICES OF THE MOST 
IMPORTANT FUELS. 





| Gas Diesel! Oil | 
| oil . fuel | fuel | Coal 


10,000 10,000 |10,000 | 7000 
| 57 





Calorific value kcal./kg. 

Price* Rp./kg. .. i : | 4.97 | 2.90 | 2.36 
Price* Rp./10,000 kcal. 5.7 4.37 | 2.90 | 3.36 
In per cent of oil fuel... | 197 | 171 100 | 116 


| | 


*Rp. denotes Reichspfennig ; 100 Rp. 





1 Reichsmark. 


1. THE SINGLE-STAGE GAS TURBINE 
WITHOUT HEAT EXCHANGER* 


The continuous-combustion gas turbine (in the 
following briefly called gas turbine) in its simplest 
form as a power unit is shown in Fig. 1. If in such 
a plant an a.c. generator is directly coupled to the 
single shaft of the compressor-turbine unit, the speed 
must be constant at all loads. The useful power is 
then controlled solely by the temperature at the 
turbine inlet. . 

With this type of control, the temperature at the 
turbine inlet decreases rapidly with decreasing load. 
As the decrease cf the inlet temperature means reduced 
thermal efficiency (compare with Carnot cyé¢le), it 
follows that with partial load the thermal efficiency 
decreases. This, and some other important data are 
given in the diagrams of Fig. 2. By temperature control 
the following advantages are gained: constancy of 
speed enables the turbine to be designed in its simplest 
form; power can be switched instantly from zero to 
full load and vice versa. The drawback of this type 
of control, as pointed out in the foregoing, is the 
decreasing efficiency at partial load. However, such 
a plant is erected only when the question of fuel price 
is of minor importance. An example of this type of 
installation is the 4000-kW. gas-turbine power unit 
for stand-by service in an underground tunnel at 
Neuchatel, Switzerland, which can be brought from 
rest to full load within five minutes. 

The space required for this installation is 0.3 
cu. m./kW., including all auxiliaries. Comparing the 
space requirements for equal power of gas turbines 


_* Some parts of this chapter are omitted as the author dealt 
with these in his article “ Gas Turbine with Waste-Heat Utilization 
by Air Pre-heating ” (The Engineers’ Digest, Vol. IV, pp. 352-353). 
Re-reading of this aiticle in conjunction with the present paper is 


(From Schweizerische Bauzeitung, Vol. 123, Nos. 24 and 26, 10th and 24th 
June, 1944, pp. 281-286 and pp. 307-311.) 
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Fig. 2. (1) Thermal efficiency (2) turbine inlet temperature 
(3) exhaust temperature (4) speed (5) pressure ratio in Compressor 
(a) without heat exchanger (6) with heat exchanger. 


with steam plants, the following figures are arrived at:— 


Ordinary steam turbine plant 100 per cen 
Steam turbine with Velox boiler = 40 per cent 
Gas turbine = 34 percent 


At present single-stage gas turbines can be built 
in units of between 1000 and 6000 kW. 


2. THE SINGLE-STAGE GAS TURBINE WITH 
WASTE HEAT UTILISATION BY HEAT 
EXCHANGER. 


With the gas turbine plant described in Chapter 1 

a thermal efficiency of about 19 per cent is obtained. 
To compete with the thermal efficiency of modern 
steam plants, gas turbine plants incorporating heat 
exchangers offer a solution as-long as the capital cost 
is equal to or lower than that of the equivalent steam 
plant. Fig. 3 shows the arrangement of such 

a plant. In the heat exchanger (5), the com- 
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pressed air from the compressor (a) is heated 
to some 300 to 380 deg. C. by the hot exhaust 
gases leaving the turbine (d). Only a small 
part of the compressed and pre-heated -air 
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Fig.1. Single-stage gas turbine plant without heat exchanger. 
(a) Gas turbine (6) combustion chamber (c) compressor (d) generator 


(e) starting motor. 





enters the combustion chamber (c) centrally 
where the fuel is burnt with 20 to 30 per cent 
excess air, whilst the rest enters the chamber 
through an annular space, cooling the walls 
of the combustion chamber proper. _ The 
hot gases flow through the turbine (d) -and 
exhaust through the heat exchanger (b). . The 
difference between the power produced by the 
turbine and that consumed by the compréssor 





























Fig. 3. Single-stage gas turbine with heat exchanger. 
( Compressor (6) heat exchanger (air pre-heater) (c) combustion 
chamber (d) gas turbine (e) generator (f) starting motor. 
tthe power available to drive the generator (e). The 
starting motor (f) requires 3 to 4 per cent of the generator 
power. 

Fig. 4 shows that the theoretical thermal efficiency 
of the plant increases to a maximum of 50 per cent 
with increasing heat exchanger surface, which exceeds 
by far the thermal efficiency of any steam plant. How- 
ever, the question of the most economic size of the 
heat exchanger remains to be investigated. (In investi- 
gating this point the author does not advance materially 
new conclusions from those already published, and 
therefore this part of the paper is omitted entirely. 
Reference is made to the footnote marked by asterisk.— 
EpiTor E.D.) 
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Fig. 4. Thermal efficiency of a single-stage gas turbine as 

a function of the pressure ratio in compressor and heat 

exchanger for a turbine inlet temperature of 600 deg. C. 
Effective heat exchanger surface for 1000 kW. output. 


(1) Without heat exchanger (2) heat exchanger surface, 500 sq. m. 
(3) heat exchanger surface, 1000 sq. m. (4) heat exchanger surface, 
2000 sq. m. (5) heat exchanger surface, @0 (theoretical). 

The average pre-war world-market prices of fuels 
are given in Table I. It can 
be seen that the most expensive . 
fuel was gas oil, the cheapest oil 
fuel. Coal is between the two. 
These data are given in an article 
by Berthold Bleicken, Hamburg 
( Werft, Reederei, Hafen,”’ No. 
9, 1942). For equal efficiency 
an oil-fired gas turbine (with 
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to decide the size of the heat 
exchanger. This wide adijust- 
ment of the plant cost to econo- 
mic conditions is not possible 
with steam plants. 

A stand-by plant, for in- 
stance, can be subsequently ex- 
tended to full-time operation 
by adding a heat exchanger, 
provided that the pressure ratio 
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large heat exchanger) is in many 
cases superior in economy to a 
coal-fired steam plant. 

How does the cost of a gas 
turbine plant compare with that 
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B chosen so as to suit the final 
conditions. 

With power units for full- 
time operations the efficiency is 
of great importance not only at 
full load, but at partial loads as well. 


°/o 


Weight in % of gas turbine 
plant without heat exchanger. 





Thermal Efficiency %,. 


Price in % of gas tur- 
bine plant without heat 
exchanger, 





I 
Thermal Efficiency °,. 


Fig. 5. Price and weight comparison between gas turbine 
plants (1) and steam plants (2) for 1000 to 6000 kW. 


(Weights excluding base plates.) 

As Fig. 2, curve 1b, shows, with pure temperature 
control, not even the employment of a heat exchanger 
can affect essential improvement in the efficiency at 
partial load of a gas turbine at constant speed. If, 
however, high partial-load efficiencies are to be 
obtained, the gas temperature, at the turbine inlet, 
has to be kept as high as possible at all loads. A second 
type of control suggests itself, namely, control of power 
by changing the mass flow through the turbine, which 





of a steam plant? As Fig. 5 
shows, the gas turbine is superior 
in economy to the steam plant. 
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It shows also that the gas turbine 
is such an ideal prime mover 
that the thermal efficiency can 
be chosen, within wide limits, 


Fig. 6. 


Gas turbine plant with constant and variable speed turbines for increasing 


(a) Compressor (6) heat exchanger . 
(variable speed) (e) power turbine (constant speed) (f) gear (g) generator (h) starting motor. 


efficiency at partial loads. 


(c) combustion chamber (d) compressor turbine 
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120 
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Fig. 7. Thermal efficiency (1) of a gas 
turbine plant with a variable speed 
compressor group as a function of load; 
(2) Amount of fuel ; (3) Turbine inlet 


temperature ; (4) Speed of 
pressor group. 


in turn requires a change of com- 
pressor speed. Thus, with partial 
loads the speed of the compressor 
has to be decreased. The turbine, 
on the other hand, if coupled to an 
must operate at 
constant speed. The requirement 


ac. generator, 
of high partial load effi- 
ciency can be met only by 
having two turbines in the 
plant (Fig. 6): one (d) 
driving the compressor (a) 
at variable speed; the 
other, the power turbin2 
(e), for constant speed. 
The turbine cross sections 
are so dimensioned that 
turbine (d) receives just 
enough gas to drive the 
compressor (a), while tur- 
bine (e) drives the genera- 
tor (g) only. The more 
important data for such 
a plant are shown in 
Fig. 7. As the speed of 
the compressor group can 
be varied within wide 
limits, there is little drop 
in thermal efficiency in 
the range between full 
load and half load. The 
group can also be desig- 
ned so as to obtain the 
highest efficiency at par- 
tial load. This has been 
done in the case of gas 
turbine locomotives. At 
any rate, the efficiencies 
Obtained with such 
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plants at partial loads can well compete with 
those of an equivalent steam plant. (Gas turbine plants 
have been built for 2500 kW. with a thermal efficiency 
of 26 per cent). For industrial plants, apart from 
electrical energy, steam for heating purposes is often 
needed. This can be obtained simply by employing 
a waste-heat boiler which replaces partiy or fully the 
heat exchanger. A division into compressor turbine 
and power turbine is not necessary, if with decreasing 
power a decreasing speed is allowable as in the case 
of wind power stations, ships and vehicles. 


THE TWO-STAGE GAS TURBINE PLANT. 


This type of plant comprises two compressors and 
two turbines as shown in Fig. 8. The multi-stage 
axial-flow compressor (a) compresses atmospheric air 
to 3.0 atmos. abs. his air passes through an inter- 
cooler (6) which lowers its temperature to 40 deg. C., 
thus reducing the power required by the second 
compressor (c) which discharges at about 12 atmos. abs. 
to the first combustion chamber (d). The gas turbine 
(e) driving the compressor (c) is not required to produce 
power outside the circuit, and so has a pressure drop 
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8. Two-stage turbine 


plant. 


Fig. gas 














(a) First-stage compressor (6) inter- 
cooler (c) second-stage compressor (d) 
p second-stage combustion chamber (e) 
U second-stage turbine (f) first-stage 
combustion chamber (g) first-stage 
turbine (4) generator (7) starting motor 
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Fig. 9. 


(a) and (c) First-stage compressor (6) and (d) 


combustion chamber (k) first-stage gas 
(m) starting motor (m) gear. 
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Two-stage gas turbine plant with heat exchanger. 
inter-cooler 
(e) second-stage compressor (f) heat exchanger (g) second-stage 
combustion chamber (h) second-stage gas turbine (7) first-stage 
turbine (/) generator 
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Fig. 10. Thermal efficiency of a two-stage gas turbine as 
a function of heat exchanger surface (1) and heat exchanger 


price (2) 
smaller than the pressure increase in compressor (c). 
(In the event of equal pressure drop in turbine and 
compressor, there would be excess power.) 

The gas leaving turbine (e) is brought to about 
600 deg. C. in the combustion chamber (f); it then 
passes to the turbine (g) which drives the compressor (a) 
and the generator (h). The starting motor (2) requires 
3 to 4 per cent of the useful power, about the same 
amount as that required for starting a single-stage 
gas turbine plant. As turbine (e) requires a part only 
of the pressure rise produced by compressor (c), the 


pressure difference in turbine (g) is greater than that 
of compressor (a). The useful power, namely, the 
difference in power between turbine (g) and com- 
pressor (a), is therefore greater in this case than with 
a single-stage plant, where the pressure difference in 
turbine and compressor is about equal. 

For equal power the two-stage plant requires only 
half the volume of air that is necessary for the single-stage 
plant. Now, for equal exhaust temperature, the smaller 
volume of air means also reduced waste heat in the 
exhaust. Therefore, the thermal efficiency of the 
two-stage plant is higher than that of the single-stage, 
i.e., 21 to 22 per cent without heat exchanger. Such 
plants come into consideration for powers between 
6000 and 15,000 kW. Water for cooling purposes 
amounts to about one-sixth of that for an equivalent 
steam plant. 

As turbine (e) in Fig. 8 consumes only part of the 
pressure rise produced in the compressor (c), turbine (g) 
works on a high-pressure drop, and, consequently, 
the exhaust temperature is low. This arrangement is 
favourable, therefore, without a heat exchanger. In the 
case where the fuel consumption has to be kept low 
a heat exchanger can be employed as in Fig. 9. Here 
the high-pressure drop occurs in turbine (hk) which 
drives the generator (/), while turbine (k) works with 
high exhaust temperature, thus making the employment 
of a heat exchanger economical. 

To keep the power required for compressing the 
air as low as possible, three-stage compression with 
inter-cooling between each of the stages is provided. 
This and waste-heat utilization give a very good thermal 
efficiency, and the heat-exchanger surfaces are relatively 
small (Fig. 10). Such a plant for 10,000 kW. is at 
present under construction at Brown Boveri’s. 


(To be continued). 


PROTECTIVE ATMOSPHERES in THE HEAT TREATMENT of METALS. 


By F. DELAROZIERE, Head of the Laboratory of the Gas and Water Company of Lyons. 


(From Journal des 


Usines 4 Gaz, Vol. 68, No. 1, 15th January, 1944, pp. 2-4.) 


IN the use of gas-fired furnaces for the heat treatment 
of metals, it is often necessary to provide a protective 
atmosphere to prevent oxidisation, or decarburisation, 
of the metal under treatment. The gas itself can often 
be used to give this protective atmosphere, and this 
has led to the extension of its use with electrically-heated 
furnaces for the same purpose. 


GENERAL CONSIDERATIONS 


It is essential to define what is meant by a neutral 
atmosphere, and this can be taken to mean an 
atmosphere incapable of causing oxidisation, carburisa- 
tion or decarburisation, to which may be added 
sulphurisation, on the metal under treatment in the 
heating conditions concerned. This definition shows 
how complex is the problem of creating and maintaining 
a strictly neutral atmosphere. 

To take two examples :— 

An atmosphere is formed of a gaseous mixture 
containing carbon dioxide and carbon monoxide 
(a mixture often employed) in the proportion of 
70 per cent CO to 30 per cent CO,. A piece of iron 
plunged into this atmosphere is covered with white 
powdery flakes at 1,100 deg. C. and remains bright 
at 800 deg. C. This shows that, between these two 
limits, the temperature of the metal has passed the 
point of equilibrium of the said mixture CO/CO, 
with iron. At 800 deg. C. the atmosphere was neutral 
to iron and remained so up to about 950 deg. C. 

Similarly an atmosphere containing 60 per cent 
hydrogen and 40 per cent steam is neutral to iron 
at 1,100 deg. C., but is no longer so at 800 deg. C. 

The same phenomena occur with atmospheres , 


40 per cent CO, and 60 per cent CO is carburising 
or decarburising for a carbon-saturated steel according 
to whether treatment is made at a temperature below 
or above 725 deg. C. 

Therefore, whether it is to protect against oxidisation 
or against decarburisation, the neutral atmosphere to be 
used can only be decided upon when the temperature 
of treatment is known. Fortunately, we have now an 
equilibrium curve for the various protective gas 
mixtures (CO-CO,; hydrogen-steam; methane-H) 
not only for iron but also for various types of steel 
(Carbon steels, Armco, SAE 1015, etc.). On this basis 
and with the practical knowledge instinctively known, 
but now confirmed by experiment, as to length of 
treatment, rate of flow of air, action of sulphur gases, etc., 
the question can be closely studied. 

At first sight, hydrogen and nitrogen would seem 
to be more promising than the mixtures of gases 
mentioned above, but, apart from their higher cost, 
these gases give rise to certain technical difficulties. 

Hydrogen has long been used by itself for the bright 
annealing of steel sheets, but has now been abandoned 
owing to its decarburising effect especially in the 
presence of steam. ‘This action is, however, made use 
of in certain applications such as the decarburisation of 
silicon sheets for electrical construction work. Copper 
sheets, on the other hand, annealed in a hydrogen 
atmosphere, show a breakdown in texture which badly 
affects their rolling quality. 

Nitrogen, inert and non-explosive, would be the 
chosen protective gas were it not so expensive, although 
it would still be necessary to remove from it the small 
amounts of oxygen it usually contains. It is only 


protecting from decarburisation. The mixture of ii ajesed in exceptional cases. 
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makes it possible to use this method in certain special 
cases. 

There is a certain risk of explosive mixtures in these 
protective gases, and precautions must be taken to 
keep outside the limits of inflammation of the gases 
used. 
Protective atmospheres are largely used for the 


HOT 


ALUMINISING OF 


bright annealing of steel and copper, for the heat 
treatment of tools, and for certain brazing operations 
on small parts. Illuminating gas can find an outlet in 
this direction because it not only provides the calories 
for heating, but also the elements for the protective 
atmosphere and no gas engineer should remain unaware 
of this second aspect of the question. 


STEEL. 


(From La Technique Moderne, Vol. 35, Nos. 21 end 22, Ist and 15th November, 1943, p. 174.) 


without any trace of oxides or any other foreign body 
being present. 


ALTHOUGH the hot-coating of metals with various 
other metals has been widely and economically used 
and gives good protection owing to the formation of 
an intermediate layer consisting of an amalgam of 
the base metal and the covering metal, it has not been 
possible to apply aluminium as a coating metal except 
by the processes of cementation, spraying or by the 
use of foil, ali of which are excessively expensive 
and do not produce a perfectly adhesive coat. 

The coating of steel with hot aluminium has been 
studied for a long time not only to protect the steel 
against corrosive attack, but also to replace tin, supplies 
of which have been getting scarcer. The usual methods 
are not successful, however, owing to the relatively 
high melting point of aluminium, and to its physical 
and chemical peculiarities in the molten state. 

The author (M. Michel Alférieff) has succeeded in 
aluminising steel by a hot process on a large scale by 
a method of which the essential points are as folow :— 

1, The annealing heat treatment of the steel before 
coating is done in an artificial atmosphere, the compo- 
sition and effect of which vary according to the various 
functions to be carried out during the operation. 

2. Whilst passing through this atmosphere the steel 
is heated and held at the annealing temperature, and is 
then plunged into a bath of molten aluminium after 
being cooled, prior to plunging, to a temperature 
strictly equal to that of the bath. 

3. The steel is treated in the presence of a mixture 
of nitrogen and hydrogen free from steam, which 
moves in the opposite direction to that of the steel. 
A strictly adjusted quantity of steam and hydrogen is 
added to this gas mixture before the steel has begun 
. off prior to being immersed in the aluminium 

ath. 

This artificial atmosphere, with its three components 
correctly adjusted, has an oxidising effect during the 
passage of the steel through the rising temperature zone, 
which facilitates the operation by increasing the 
coefficient of heat radiation of the treated steel. On 
the other hand, it has a reducing and decarburising 
effect in the high-temperature zone, which gives the 
steel a metallurgically clean surface prior to immersion 
in the bath. Finally, it has a neutral effect during 
the period of cooling just prior to immersion. Moreover, 
the partial pressure of the hydrogen is low in this zone, 
and this allows of the release of the hydrogen absorbed 
by the steel during treatment and makes negligible the 
harmful effect of the absorption of this gas by the 
molten aluminium. 

The coating obtained with a bath of 99.5 per cent 
pure aluminium is characterised by the presence of an 
intermediate layer of Al,Fe, which is continuous, 
exceptionally adherent and much more flexible than 
similar amalgams of zinc and iron. 

Fig. 1 shows that this layer is relatively thick, 
despite the very short period of immersion and the 
fact that the temperature of the bath is kept as low 
as possible. 

Aluminium thus shows a great affinity for iron 
and can be used for hot-coating of steel, as the 
mechanism of the formation of this coating is similar to 
that with zinc or tin. The only essential and sufficient 
condition is that there should be direct contact between 
the surface of the steel and the molten aluminium, 








Sesweiien yr hot ehentaiaien coating 
(Al 99.5 per cent pure) x 1000. 
AN IMPROVED STAR-DELTA STARTING 
PROCESS FOR SQUIRREL-CAGE MOTORS. 


By S. HOpFERWIESER. (From The Brown Boveri 
Review, Vol. XXXI., No. 4, April, 1944, pp. 139-141). 
By star-delta starting the rush of current is reduced to 
about a third of the value occurring when throwing a 
motor directly across the line. During transition from 
the starting to the running position, however, a second 
current surge occurs which in the event of incorrect 
operation of the star-delta switch, may attain a value 
many times the initial rush of current. In consequence, 
this method of starting is only reliable, when design 
features are incorporated in the switch, which positively 
prevent a premature change over. The Brown Boveri 
type O S star-delta motor protecting switch, hand or 
solenoid operated, changes over automatically after 
expiration of an adjustable time limit, makes it possible 
to connect even large squirrel cage motors to public 
supply systems. 

This starting process is restricted to drives not re- 
quiring an initial starting torque in excess of 50-60 per 
cent of the rated torque. To meet requirements of 
higher initial torques, an improved star-delta starting 
process has been developed. 

The stator winding is arranged in a combined star- 
delta connection during starting and then changed over 
to delta. Apart from the nine instead of six terminals 
the motor is of standard design. A new feature is the 
application of the O S type starting and protecting 
switch for automatic change over with adjustable 
starting time. 

The starting torque of a four-pole motor run up by 
the new method is of the order of 90 per cent and the 
initial current rush about 270 per cent of the respective 
rated values. Motors with a larger number of poles 


Fig. 1. 


have a still lower starting current, never exceeding that 
inherent in many motors with centrifugal starters. 

The improved method of star-delta starting is recom- 
mended for lineshafting, centrifugaland axial-flow pumps 
starting under arduous conditions, heavy fans, high speed 
crushing machines such as disintegrators, and the like, 
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On the other hand, a mixture of N and H has been 
widely used where it is impossible to use carbon gas 
owing to the danger of carburation-decarburisation. 
A notable use is for annealing Ni-Cr stainless steels, 
and also for heat treatment and refining of special 
tool steels. 

The mixture of nitrogen and hydrogen is obtained 
by two methods :— 

(a) By incomplete combustion in air of electro- 


lytic H. 

(b) By cracking ammonia gas, followed or not by 

partial combustion. 

It is known that ammonia gas splits into hydrogen 
and nitrogen at 900 deg. C. approx. in the presence 
of a catalyst such as iron or nickel, giving a theoretical 
mixture of 75 vols. H. to 25 vols. N. This 75/25 
mixture has the disadvantage of being expensive and 
is, moreover, too good for its purpose, seeing that 
protection can be given with a mixture containing 
between 2 per cent and 40 per cent H, which is also 
likely to have a lesser decarburising effect than the 
75/25 mixture. 

It is a very simple matter to burn up in air some 
of the hydrogen from the cracked 75/25 mixture when 
its volume increases considerably from the addition 
of nitrogen from the air used for burning. Moreover, 
the heat released by this combustion is sufficient to 
keep the temperature up to that required for the 
reaction. The cracked and burnt gas contains steam 
corresponding to the lost hydrogen and must be dried 
either by simple cooling, or by passing through 
sulphuric acid, or better still Silicagel and activated 
alumina. : 

The N-H mixture remains a costly protective 
mixture, but it is possible to regenerate it very simply 
if air should accidentally be mixed with it, by making it 
pass again through the cracker-burner apparatus after 
mixing it with the necessary amount of ammonia gas. 
This regeneration has allowed of the N-H mixture 
being used in continuous furnaces even if they are not 
airtight. ; 

Apart from the special uses of N-H mixture for 
stainless and tool steels, the majority of protective 
mixtures are formed of hydrogen, carbon monoxide, 
carbon dioxide, methane, steam and nitrogen, obtained 
by partial combustion, with or without previous 
cracking, from the usual industrial gases, namely, 
producer gas, blast-furnace gas, coke-oven gas, town 
gas, natural gas, methane, propane or butane. These 
mixtures must, of course, be freed of oxygen (auto- 
matically done by partial combustion) and of sulphur 
compounds, eliminated by iron oxide. 

When these impurities have been removed, the 
mixture must be modified in composition to suit the 
practical purpose for which it is required. This is 
done by partial combustion which, whilst removing 
any oxygen, increases the volume by the addition 
of nitrogen so that 1 cubic meter of coke-oven gas 
gives 1.2 to 6 cubic meters of protective gas. 

The ratio of CO, to CO is obtained by the absorption 
of CO, through the usual reagents. Reduction of the 
amount of steam to the standard figure of 2 g. per 
cubic meter is done by refrigeration. The sulphurous 
gas is trapped during the washing with water or some 
alkaline washing medium which has taken up the CO,. 

As for the methane which is largely present in 
coke-oven gas or natural gas, the amount is reduced 
by partial conversion into CO at 820 deg. C., in the 
presence of a catalyser, in accordance with the formula 

CH, + H.O = CO + 6H 

By a combination of these partial and successive 
treatments a whole series of protective gases can be 
obtained from the original gas, each suited to the 
heat treatment operation required. 

For instance, a protective atmosphere for the bright 
annealing of steel at 1,000 deg. C, is obtained by 
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burning at 800/900 deg. C. coke-oven or natural gas 
with 60 per cent of air, and reducing the amount of 
steam by drying to about 5 g. per cubic meter. The 


ratios are then :— 
CO,:CO H,O:H, CH,:H, 
Coke-oven gas .. 0.3 0.044 0.102 
Natural gas 0.61 0.062 0.206 

Care should be taken not to use an atmosphere 
too rich in CO as this would lead to wndue attack on 
the electric heating resistances and the nickel alloy 
thermo-electric control couples. In some cases it is 
necessary to fall back on nitrogen previously freed 
of all trace of oxygen. 

When town gas contains organic sulphur impurities, 
it is previously cleaned and the sulphuretted hydrogen 
produced is trapped by a small brown-ironstone 
purifier. From town gas the following protective mix- 
tures can be obtained :— 

Gas 1 to Air 4 

CO,/10; CO/2; H,/2; N,/84; H,O/2 
which is suitable, after drying, for bright annealing of 
copper at moderate temperatures. 
Gas 1 to Air 2 

CO,/4 ; CO/10; H,/20; N,/64; H,O/2 
for bright annealing of steel. 

The humidity of the gas can be reduced to 0.1 
per cent by passing it over Silica-gel. 

Electrolene is the name given by the Americans 
to the protective gas obtained by cracking illuminating 
gas in the presence of steam by electrical heating. The 
original gas and the electrolene obtained have the 
following compositions :— 


CO; Cmiin ©, CO H,; N, CH, 
Original gas .19 28 08 7.4 55.5 3.8 28.2 
Electrolene . £5 00 “O00 49:5 “74.0 £0 £0 


PROTECTIVE GASES FOR NON-FERROUS 
METALS 

As copper has a much smaller affinity for oxygen 
than have the ferrous metals, it can be treated in an 
atmosphere much richer in CO,. The protective gas 
for copper can, for this reason, be prepared by burning 
the combustible gas with an amount of air very close 
to the theoretical amount, 98 per cent of it. The most 
useful atmosphere is one containing 1.8 to 2.0 per cent 
of CO. Hydrogen must not be present owing to its 
bad effect on the structure for rolling purposes, nor 
must sulphuretted hydrogen which would blacken the 
surface. The moisture content can be as high as 
6.5 g. per cubic meter. 

For zinc and its alloys (tombac) bright annealing 
can only be carried out in an atmosphere charged with 
methanol (160 g. per cubic meter at 20 deg. C.) which 
prevents oxidisation of the metal when it decomposes 
into formol and hydrogen. 


HEAT TREATMENT FURNACES WITH 
PROTECTIVE ATMOSPHERES 


Until quite recently these furnaces were exclusively 
gas-tight furnaces and could not therefore be used for 
continuous work. Articles to be annealed were put 
under a gas-tight metal bell on a sand bed in a refractory 
chamber with heating elements round its walls. The 
protective gas was fed into the metal bell. 

Annealing furnaces are now made with moving 
grates or pushers in which a neutral atmosphere 1s 
maintained by end locks preventing communication 
between the heating chamber and the outside air, of 
without any other precaution than that of keeping the 
gas in the furnace at a higher pressure than the aif 
outside. A cooling chamber with controlled atmosphere 
is generally joined to the furnace proper. 


This leads to a large consumption of gas, which is é 


generally prepared cheaply from illuminating gas. The 
regeneration of the N-H mixture mentioned above 
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Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of “ The Engineers’ 
Digest,” or by writing direct to the manufacturer and 
mentioning “ The Engineers’ Digest” as a source. 


TECHNICAL NEWS 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 
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PERSONAL 


Mr. Wilfrid Ayre has been elected chairman of Hall Russell 
& Co. Ltd., Aberdeen. 

Mr. J. H. Bean has been elected a director of Guest, Keen and 
Nettlefolds Ltd. 

Mr. J. Bonnyman, A.M.J.Mech.E., engineering director of 
Donald Clerk & Son L1d., Glasgow, has been elected a director of 
Stewart and McKenzie Ltd., Glasgow. 

Mr. Charles Brown, F.1.A.C., has been appointed secretary 
of the Institution cf Factory Managers. 

Mr. A. F. Burke has been elected a director of The de Havilland 
Engine Co. Ltd. and appointed general manager of the company. 

Sir Charles Craven, Bart., R.N. (Ret.), the outstanding 
British industrialist, chairman and managing director of Vickers- 
Armstrongs Ltd. and the English Steel Corporation Ltd., died 
following a short illness in his sixty-first year. 

Mr. D. M. Chapman, A.M.I.Mech.E., has been elected a 
director of William Esplen, Son and Swainston Ltd., consulting 
engineers. 

Sir Allan Gordon-Smith, K.B.E., D.L., after four years at 
the M.A.P. as Controller of Construction and Regional services, 
has now left the Ministry and will devote his whole time to his 
position as managing director of S. Smith & Sons (England) Ltd. 

Mr. G. A. Hankins, D.Sc., A.R.C.S., M.Inst.C.E., M.Inst. 
Mech.E., of the National Physical Laboratory, has been promoted 
Superintendent of the Engineering Division. 

Mr. W. F. Higgins, O.B.E., Secrctary of the National Physical 
Laboratory has been appointed Superintendent of the Physics 
Division of the Laboratory. 

Mr. E. S. Hiscocks, M.Sc., F.R.I.C., has been appointed 
Secretary of the National Physical Laboratory. 

Mr. J. C. Leslie has been appointed agricultural adviser to 
Edmundsons Electricity Corporation Ltd. 

Mr. W. E. Nixon has been appointed managing director of The 
de Havilland Aircraft Co., Ltd., in succession of Mr. F. T. Hearle, 
who is relinquishing his position for health reasons, but is to remain 
an active director of the company and its subsidiary companies. 

_ Mr. A. E. Peak and Mr. T. A. McKenna have been elected 
directors of the Staveley Coal and Iron Co. Ltd. 

Mr. A. E. Shorter, M.B.E., M.I.Mech.E., managing director 
« = Process Co, Ltd., died suddenly on Saturday, Novem- 

er 18th. 

Mr. A. T. Thorne, B.Sc., M.Inst.C.E., M.I.N.A., has been 
appointed joint managing director of The Manganese Bronze and 
Brass Co. Ltd. 


CHANGE OF NAME 
Messrs. Charles Crofton & Co. (Engineers) Ltd., have 
decided, in view of the growth of the Company and particularly to 
enable the Company to deal effectively with its post-war export 
market, to change the name of the firm to Victor Products (Wall- 
send) Ltd., Wallsend-on-Tyne. 


METAL FORMING MACHINERY. 

Messrs. A. C, Wickman Limited, Coventry, announce that 
they have been appointed sole agents and engineering representa- 
tives in the British Isles for Yoder High Production Metal Forming 
Machinery manufactured by the Yoder Company of Cleveland 
Ohio, U.S.A. ; 

In the range of machines manufactured by the Yoder Company 
are Cold Roll Forming machines, complete Tube Mills, Rotary 
Gang Skitters and Side Trimmers, Flying Cut-Off Shears, Sheet 
Metal Coil Handling equipment, Plate Levellers, High Speed Power 
Hammers and various special! Metal Forming machines such as 
Brake Shoe Bender and Garnish Moulding Bender. 





PERSONNEL MANAGEMENT IN POST-WAR 
INDUSTRY. A Consultant with wide experience 
in the organisation of Personnel Management as an 
integral part of industrial administration offers his 
services in an advisory capacity.—Replies to Box No. 17, 
“The Engineers’ Digest,” 120, Wigmore Street, 
London, W.1. 





Former Representative of Dutch Technical 
Trading Company with extensive branch office system 
in Dutch East Indies, seeks contact with British Firms 
of repute desiring to prepare for post-war export. 
Write, Box C.219, Willings, 362, Grays Inn Road, 
London, W.C.1. 
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Case Hardening and straighten- 
ing up to 8 ft. long. 

Hardening all Classes of Sub. and 
High Speed Steel Tools, Bake- 
lite Moulds and Press Tools. 

Hardening by the Shorter 
Process. 

Cyanide Hardening, Capacity 3 
tons per week 

Springs: Any size, 

quantity. 

Aluminium Alloys Heat Treated 
to A.I.D. Specifications. 

Heat Treatment of Ailoy steels 
up to 10 ft long 

Heat Treatment of Meehanite 
Castings, etc. } 

Crack detecting on production 
lines. 

Chemical Rustproofing (different 
colours) to A.I.D. and other | 
Specifications. 


shape or 





THE 
EXPERT TOOL & CASE HARDENING CO. LTD. 


(Est. 1918) 
GARTH ROAD, LOWER MORDEN, SURREY. 
Telephone: Derwent 3861-2 
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Consult the BRISTOL ENGINEERING MANUFACTURERS’ ASSOCIATION, 104, FILTON AVENUE, BRISTOL, 7 
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DIAMOND TOOL RESEARCH. 

D1AMOND Tools ate employed in numerous industries, but in 

engineering diamonds are used for the most important engine 

components such as pistons and crankshaft bearings, commutators 
and P aegee rollers, besides their application for truing precision 
grinding wheels and in hardness testing. An independent Research 

Department has recently been established by the Diamond Trading 

Company Ltd., and besides its scientific research activities this 

department is in a position to test individual tools and to submit 

reports on them. The following equipment is at present at its 
disposal: high and low-power microscopes with polarized and 
monochromatic light with photomicro equipment, high power 
projector, optical goniometer, optical equipment for measuring the 
radii of spherical surfaces. X-ray investigations are made in colla- 
boration with other Institutes. Work recently carried out includes 
abrasion tests on truing diamonds, investigations into the crystal 
orientation of shaped diamond tools by X-ray crystallography, the 
testing of settings of industrial diamonds by means of X-rays, the 
testing of abrasive powders by X-ray diffraction methods, the test- 
ing of the surface finish of diamond surfaces and surfaces machined 
with diamond. The services of the Department are free to Industry 
and enquiries are welcomed. The address is 32/34 Holborn 
Viaduct, London, E.C.1. Visits by appointment. 
BOOKS RECEIVED. 

Theory of the High-Speed Diesel, By T. M. MELKUMOv. 
(In Russian.) Moscow, 1944. 420 pp. Price 20 roubles. 
Intended as a textbook for students and engineers, this is an 

excellent treatise covering the subject matter in a most thorough 

manner. The fact that it was prepared for the use of students 
of the Aviation Faculty of the Jukovsk Military Academy of the 

Red Army still further enhances the interest of the book 

Certainly it indicates an exceptionally high standard of scientific 

instruction for an institution of this kind. 

Both with regard to layout and selection of subject matter, 
the book can by no means be called unusual or unorthodox. But 
the lucidity and conciseness of treatment achieved by the author 
are — only by the writings of a Ricardo, a Schiile, or a 
Stodola. However, in this Russian treatise on high-speed diesel 
engines in general, there is a notable absence of any tangible 
information on Russian developments in this field. eferences 
to Russian research results are of course made, but they form 
the exception rather than the rule, the bulk of the book being 
a record of research conducted in Great Britain, in the United 
States, in France, and in Germany. It goes without saying that 
the desire of Russian readers for information “from abroad ” 
is thus satisfied to a great extent. 

Looking over the various chapters we are presented with 
a well-composed summary of the particularities of the diesel cycle 
as such. Actually, the second chapter is devoted to the mathe- 
matical treatment of the various ideal cycles, and the clarity with 
which the matter is rendered would indeed be difficult to excel. 
In analysing the efficiency of the dual-combustion cycle, the 
author relates a formula of his own and another one by Professor 
Kvasnikov, in addition to others. The chapter ends with a 
comparison of the Otto and the diesel cycle. 

he ‘ thermo-chemical ” aspects of the combustion process 
are well set forth in Chapter III, which includes Schiile’s well- 
known tables. The combustion process and the various governing 
factors are illustrated by references to the Junkers-Jumo-4 diesel. 

A subsequent chapter is devoted to actual process of operation, 

the Jumo-4 engine again being used as an example. Chapter 

opens with an elementary discussion of diesel fuels, and then 
takes up the influence of the combustion chamber design in rather 
general terms, greater stress being laid upon such factors as 
air pressure, air temperature, and others. This chapter is 
apparently meant to serve as an introduction to what is to follow. 

In Chapter VI we therefore see the author return once more to 

the fuel question. What seems to be a fairly complete list of 

Russian diesel fuels is given, and the various methods used abroad 

for the determination of fuel properties are likewise given in extenso. 

In Chapter VII the author takes up the influence of nozzle 
shape, again relying practically entirely upon non-Russian findings. 
The extent to which this also applies to the illustrations may be 
seen from the fact that to all appearances not more than one or 
two of the 45 illustrations accompanying this chapter are of 
Russian origin. However, it should be pointed out on this occasion 
that the author takes considerable pains to acknowledge his sources 
throughout the book. ; 

Chapter VIII is exclusively devoted to combustion chamber 
design, practically all non-Russian designs being described and 
illustrated, while Russian designs are again conspicuous by their 
absence. There is, however, a mathematical treatment of the 
discharge characteristics of ante-chambers, which was established 
by Librowitz; but the reviewer is rather inclined to believe that 
actual conditions are not quite so simple as the mathematical 
treatment suggests. 

Chapter IX is taken. up with aviation diesel and its altitude 
characteristics. The analytical treatment accorded to the various 
factors influencing performance is exceedingly well rendered and 
a pleasure to read. Reference to actual engines include well-known 
German designs such as the 2 Jumo 206 ‘ 

The two-stroke cycle principle is thoroughly analysed in 
Chapter X, the scavenging process receiving a lengthy mathematical 
treatment. The chapter concludes with a comparison of the 
two-stroke cycle versus the four-stroke cycle. The final chapter 
is entirely given over to the description of fuel pumps of non-Russian 
make and their characteristics. ‘The bibliography appended to the 
text is rather haphazard as far as non-Russian literature is concerned. 
But more likely than not, this is solely due to war-time conditions. 
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